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TsolAtinn of Maternal Genes Expressed during Ascidian
0QgenesiA -La.- Swalla, KMW. Makahe, WLRB JeffLey University
of California-Davis, Zool.Dept; BML, Bodega Bay, CA94923
Two closely related ascidian species were used to define
maternal genes that specify ascidian larval tissues.
Molgula oculata deveiops into a typical ascidian tadpole
larva with a head and a tail. In contrast, Molgula occulta,
a sympatric species, develops into an anural (tailless) larva
that lacks a brain pigment cell, notochord, and tail muscle.
Interspecific hybrids between M. occulta eggs and M. oculata
sperm can make a brain pigment cell and a small tail
containing notochord, but lack differentiated muscle cells.
The lack of muscle cell differentiation in M. occulta or
hybrid embryos may be due to the elimination or modification
of maternal muscle determinants. We have identified a cDNA
clone encoding a novel egg cytoskeletal component, p58, which
is localized in the myoplasm of tailed ascidian species (but
not localized in anural species) that is similiar to the
Drosophila gene enhancer-of-split. Both proteins have a c-
terminal region homologous to yeast cdc-4 and transducin. We
also used a subtractive hybridization procedure to isolate
three cDNA clones encoding mRNAs that are specific to or
enriched in M. oculata oocytes. Two of these clones may
encode DNA binding proteins, and one is a member of the
tyrosine kinase family. One of the putative DNA binding
proteins contains a nuclear localization signal, and a zinc
cluster motif. The other contains a leucine zipper,
suggesting it may function as a dimer. These genes are
candidates for maternal factors that control the development
of the ascidian tadpole larva.
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Ultrastructural localization of vasa protein during early
oganesis. W. L. Diehl-Jones and P. F. Lasko. Department of
Biology, McGill University, 1205 Avenue Docteur Penfield,
Montreal, Quebec, Canada H3A lBl (membership applied
for, April 1992).
The vasa gene is a member of the posterior group of
Drosophila maternal-effect genes, and is required for
embryonic germ cell formation. Its predicted protein
sequence suggests that vasa may be an ATP-dependent RNA-
binding protein involved in post-transcriptional gene
regulation. vasa protein is found in the germaria of adult
ovaries and in nurse cell chambers during early oogenesis.
The ultrastructural localization of vasa protein in germaria
and egg chambers was examined with immunogold
labelling. During early oogenesis (stage 1-4 follicles), vasa
protein labels diffusely in the germ cell cytoplasm. More
localized signal is detected in three regions: within a 200 nm
band of the cytoplasmic face of the perinuclear zone; over
perinuclear nuage material, and in close association with
outer mitochondrial membranes. We will also discuss the
EM localization of vasa protein in ovaries from females
carrying a weak temperature-sensitive mutant allele of vasa,
and from flies mutant for related loci.
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of the cortical cvtoskeleton. J.H. Olson and D.G. !QaDco MoTec-ula-r
and Cellular Biol?oy/Zoology, Arizona State University, Tempe,
What mechanisms regulate cytoskeletal organization and
function? To address this question we have employed the Xenopus
oocyte/egg system which undergoes an extensive reorganization of
the periphera actinmmyosin cytoskeleton as the oocyte is converted
to the fertilization-competent metaphase 11 egg. The oocyte periphery
cannot undergo contraction, while the egg can. In a previous study
we have shown that activation of protein kinase C (PKC) can Induce
oocytes to undergo contraction in a two phase process (J. Cell Biol.
115:45a). Since maturation promotion factor (MPF) becomes active
during the conversion of the oocyte to the metaphase 11 eggs we also
tested the potential of this signal transducer by injecting oocytes with
MPF to determine whether this signal transducer could also induce
contractile ability in the cell periphery. Surprisingly, immediately after
MPF injection the cell periphery acquired contractile ability in 100%
of the eggs. However this contractile ability could be inhibited (i.e.,
reduced to 15%) if the oocytes were first treated with antagonists of
PKC, suggesting that MPF acts through PKC. In addition, lysates
were made from oocytes treated with PKC stimulators (.e., PKC-
lysate) and microinjected into other oocytes. The PKC-lysate could
induce injected oocytes to immediately acquire contractile potential.
Controls demonstrate that this Is not due to carryover of PKC
stimulator. PKC inhibitors could block the contraction nducin ability
of the PKC-lysate. Our results suggest that MPF and PKC act in
concert to induce the cytoskeletal reorganization and allow for the
acquisition of contractile ability.. Supported by NIH grant HD 27151.
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The Pattern of Ovariole Formation and Germ Cell
Production in Puparia of Drosophila melanogaster.
E.F. Beckemeyer and P.D. Shirk, USDA-ARS Insect
Attractants, Behavior and Basic Biology Res. Lab.,
Gainesville, FL 32604.
We have used immunofluorescent staining and
confocal imaging to examine ovariole morphogenesis
in whole ovaries of Oregon-R Drosophila during
pupal and pharate adult stages. Antisera to vasa
was used to distinguish the germ cells from the
somatic tissues of the ovaries. We have analyzed
the allocation of germ cells into ovarioles and the
divisions of germ cells within ovarioles. Greater
numbers of germ cells appear to be present
initially in each ovariole than suggested as
necessary by current stem-cell hypotheses for
production of cystoblasts.
The previously described concentric arrangement
of ovarioles within young adult ovaries appears to
be generated from a looping of the initial array of
ovarioles. Comparison of ovariole morphogenesis
and germ cell production among orders of insects
with the polytrophic, meroistic type of ovarioles
(Diptera, Hymenoptera and Lepidoptera) indicates
diverse strategies in the establishment of ovarioles
and in the sequence and timing of germ cell
divisions. The monospecific, polyclonal vasa
antiserum was a gift of Drs. B. Hay and Y.N. Jan.
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Mutational analysis of the vasa protein. L. Liang, C. Wei and
P. F. Lasko. Department of Biology, McGill University, 1205
Avenue Docteur Penfield, Montreal, Quebec, Canada H3A
lB1 (Spon. by G. Maclachlan).
The vasa gene is a member of the posterior group of
Dlroagphila maternal-effect genes, and is required for
embryonic germ cell formation. Its predicted protein
sequence contains all the motifs of the D-E-A-D family of
ATP-dependent RNA-binding proteins. By direct sequencing
of PCR-amplified genomic DNA from hemizygous mutants,
we have identified unique amino acid changes in six ethyl
methane sulfonate induced alleles. Three of the mutations
alter conserved residues in a small region of the protein near
the consensus A-motif for ATP binding. Two other
mutations, both pheno-typically very strong, lead to glutamic
acid substitutions for conserved glycine residues near the C-
terminal end of the D-E-A-D protein consensus. The final
mutation leads to a non-conservative substitution (serine for
arginine) in the N-terminal unique region of the vasa
protein. Two-dimensional gel analysis of the wild-type and
mutant vasa proteins will also be presented.
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Actin and livsin 11 in Unfertilized Zebrafish Maas:
lilmenousandNM-f ilamientous Actin Domains in the Cortez.
N.H. Hat and , Deparp.ment of Biological Sciences,
Rutgers University, Piscataway, IIJ 08855
Reorganization of the cytoskoleton leads to extensive
restructuring of the egg cortex upon fertilization. To study
the underlying organization of the cytoskeleton in the
unfertilized egg that facilitates transformation of the
cortex, we have use SDS-PAGZ, imunoblotting, and
fluorescnce microscopy to ldentlfy and map the location of
actln end non-uscle myosin II. Ulectrophoresd lysates of
unfertilized L rario (sebrafish) eggs revealed single bands
that comigrated with chlcken skeletal muscle actin and myosin
protein standards. Western blots of transferred proteins
showed a sLngle band upon incubation with either monoclonal
antl-actin antlbody (Amersham, Inc.) or platelet anti-myosin
antibody (gift of J. Sellers). Fixed whole eggs, cortical
fragmnts of eggs, or frozen sections were probed with either
rhodamine-conjugated phalloidin (RhPh) to identify filmntous
actin, anti-actin antibody to label total cellular actin, or
platelet anti-myosin to localize myosin II. RhPh staining
produced a continuous, thln band of fluorescence subjacent to
the plasma _mebrane. This was resolved into strongly-staining
punctate foci, that spatially correlated with surface
microplice, and an interconnected network of weaker-staining
filaments. By contrast, eggs probed with anti-actin antibody
showed staining throughout the cortex, including the region of
cortical granules, and in cytoplam between yolk platelets.
These observations indicate that the unfertilized egg cortex
contalns two dLitinct domains of actin, one fillmntous and
the other non-filamentous. Myosin II antlbody codistributed
with the fil_mentous actin domain and appeared as strongly
fluorescing dots. The presence of actin and non-muscle myosin
suggests that thes proteins may function in establishing the
mechanical properties of the egg cortex as well as in
regulating changes in egg shape upon fertilization.
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Developmental Changes in Expression of Follicle Cell- and Nurse Cell-
pecific Genes in the Ovaries of Galleria mellonella. V.S.Rajaatnam and
A.K. Kumaran. Department Biology, Marquette University, Milwaukee, WI
53233.
Oogenesis in insects involves coordinated regulation of gene expression
in the gennline and somatic cells within the ovarian follicle. To identify some
of the genes involved in oogenesis in moths, we isolated 6 different ovary-
specific cDNAs from Galleria mellonella. After 2 rounds of differential
screening of a pharate adult ovarian cDNA library in lgtlO with ovary and
male pharate adult cDNAs, 27 clones proved to be ovary-specific. Based on
crosshybridization analysis, these clones were grouped into six different
classes. We subcloned the cDNA inserts in pGem-3z and, to date, we have
characterized three of these clones. These clones, OV 1l, N23 and F20,
hy-bridize to 1.1, 2.3 and 2.0 kb transcripts that are present only in the ovary.
In addition to these abundant transcripts, F20 hybridized to a less abundant
(approximately 25%) 4.0 kb transcript. In siru hybridization analysis showed
that F20 and N23 are follicle cell- and nurse cell-specific, respectively.
Developmental dot blot analysis showed that the transcripts complementary to
F20 and OVl are most abundant in vitellogenic stages and were not
detectable in previtellogenic, late chorionic and mature eggs. N23
complementary transcripts were detectable all through oogenesis beginning
early before initiation of vitellogenesis, and the transcripts persist in mature
eggs and early embryos. The persistence of the nurse cell-specific transcript,
N23, in early embryos suggests that it may represent a developmentally
significant gene. In its developmental profile and tissue specificity of
expression, as well as the size of the transcript, F20 has the predicted
properties of the gene coding for the large (74 kDa) follicle cell-specific
vitellogenin. Supp. by N.S.F. grant #89-10757.
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Follicle-SROecific Protein in the Stick Insect. Carausius morou
(Br.). B. Estridgel. A nCcheinil. J.BadlexL. and F. Giorgi',
'Department of Zoology, Auburn University, Auburn AL 36849 and
'Department of Biomedicine, University of Pisa, Pisa, Italy.
During vitellogenesis, terminal follicles of the panoistic
ovarioles of Carausius morosus sequester two multisubunit
vitellogenins (VG) that are synthesized and secreted by the fat
body. Separation of egg yolk polypeptides by SDS-PAGE reveals
five vitellin (VG-derived) polypeptides with molecular weights
ranging from 60 kD to 180 kD and a sixth major polypeptide (4)
at 93 kD. The absence of detectable A4 in hemolymph proteins
separated by SDS-PAGE and stained with Coomassie brilliant blue
suggested that A4 might be a follicle-specific protein (FSP). In
order to test this, a polyclonal antiserum and three monoclonal
antibodies were prepared against A4 obtained by transfer of
polypeptides from polyacrylaside gels to nitrocellulose paper.
These antibodies were used in immuoblots in conjunction with
fluorographs of polyacrylamide gels to analyze the polypeptides
synthesized and secreted by fat body, whole staged follicles, and
follicle cell layers isolated from staged follicles. Both In
vivo and In vitro data indicate that A4 is not produced by the
fat body. These characteristics identify A4 as a FSP. In vivo
incorporation of mP-orthophosphate into the major egg yolk
polypeptides showed that all five VG polypeptides are
phosphoproteins. No detectable 32P was incorporated into A4.
Supported by Alabama NSF/EPSCoR Grant #RII-8610669 and the
Alabama Agricultural Experiment Station.
44
Production of Cortical Granules during Oogenesis In the Mouse.L
Ducibellia and P. Duffy, Depts. of OB/GYN (Division of Reproductive-
Endocrinology) and Anatomy and Cellular Biology, Tufts Unhversity School
of Medicine and New England Medical Center, Boston, MA 02111.
At fertilization, cortical granule (CG) enzymes biochemically
modify the mammalian eggs zona pellucida, which results in an important
block to polyspermy. The increased incidence of polyspermy observed in
germinal vesicle (GV) stage mammalian oocytes may be due to a failure to
release a sufficient number of CGs. The objectives of this study were to
quantify the number of CGs in the cortex during oogenesis and determine
the stage of oogenesis at which CGs reach the high density (- 30 CGs/100
Im2) found in metaphase 11 (MIl) eggs. Groups of small oocytes (40-49,
50-59, 60-69, and 70-79 pLm diameter) were harvested from 12-13
day old mice and 80 Ipm GV oocytes from 6-8 wk old mice. Oocytes were
fixed and stained with Lens cullnars agglutinin for CGs which were
quantified by computerized image analysis. CG density (the mean number
of CGs/1 00 pm2 of cortex) Increased exponentially from 3 to 34, in 40
tm to 80 gsm oocytes, respectively. When oocyte size was accounted for
in these groups, the mean number of total CGs In the cortex per oocyte
increased from about 300 to 6000 CGs. CG density was also correlated
with the stage of GV chromatin organization during fbllidle development.
The 70-79 pim group had less than 50% of the granules (in the cortex)
observed in 80 gim GV oocytes or Mll eggs. The data Indicates a massive
production and/or cortical migration of CGs during the last stage of oocyte
growth. Therefore, polyspermy In <80 um GV stage oocytes may be
attributable to low CG number in the cortex. However, full grown GV
stage oocytes are characterized by an adequate number of CGs (and reduced
activation ability as shown previously by our lab). Support: HD 24191.
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26 and 29 Kdal proteins as markers for granulosa cell
differentiation from pre- and antral follicles. A. Sanbuissho,
G.Y. Lee and E. Anderson, Department of Anatomy and Cellular
Biology, Harvard Medical School, Boston MA 02115.
Rat granulosa cell differentiation was studied by gel
electrophoretic analysis of [mS]-methionine incorporation into
cellular proteins and production of steroid hormones in vitro.
Examination of radiolabled proteins provides a qualitative
measure of functional differentiation of granulosa cells.
Granulosa cells isolated from 15, 25 day old and PMSG primed (27
day old) rats were cultured for 4 days in serum free DMEM/F-12
medium with FSH (0.1 -100 ng/ml). FSH plus A'-androsteindione (0.1
pM) or dbcAMP (0.001-1 mM). After 4 days of culture, granulosa
cells were incubated with 100 ptCi/ml [5S]-methionine for 2 h.
FSH stimulated granulosa cells from PMSG-primed rats to produce
two distinct protein bands (26 and 29 Kdal) as identified on
SDS-PAGE, in a dose-related manner whereas only the highest dose
of dbcAMP (1 mM) produced the equivalant bands as that by FSH
stimulation. Granulosa cells from 15 day old rats did not
respond to any of the above conditions. Those from 25 day old
rats responded to FSH plus A'-androsteindione in a dose related
manner and to the highest dose of dbcAMP (1 mM). Granulosa
cells from PMSG-primed rats secreated the most progesterone and
estradiol 17B as compared to those from 15 day and 25 day old
rats which suggested to us that granulosa cells from PMSG-primed
rats are functionally differentiated cells. Our findings
indicate that synthesis of 26 and 29 Kdal proteins are follicle
stage-dependent and suggest that these proteins may provide
useful markers for granulosa cell differentiation and function.
Supported by NIH-HD14574
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Immunohistochemica Localization of Epidermal Growth Factor
(EGF) Rptor in Normal and Polycystic Rat Ovaries. J Yeh. GY Lee and E
Anderson, Depts ObsteVGynecol & Anat/Ceil Biol, Harvard Medical School,
Boston, MA 02115.
The EGF receptor is a 170 kD polypeptide with tyrosine kinas
activity which serves as the receptor for EGF and transforming growth
factor-alpha (TGF-a). Recently, we showed that TGF-a mRNA is prsnt in
rat granulosa cells (Yeh et al., J Cell Biol 111:368a, 1990). In addition, by
immunohistochemistry, we localized TGF-a to granulosa cells and oocytes of
non-antral follicles of normal and polycystic rat ovades (Yeh et al., J Cell Biol
115267a, 1991). The presumed mechanism by which ovarian TGF-a exerts its
effects on granulosa cells is autocrine or paracrine. In this study, we examined
the localization of the EGF receptor in normal and polycystic ovaries. Day 25
Sprague-DawAey rats were injected with vehicle or dehydroepiandrosterone for
up to 27 days to produce polycystic ovaries. The ovares were fixed,
sectioned and incubated with anti-EGF receptor antibody which recognized the
rat peptide (#06-129, UBI, Lake Placid, NY). Sections were stained with a
FITC bbeled secondary antibody and examined by fluorescent microscopy. We
found the following areas were positive for the EGF receptor: (1) granulosa
cells of normal ovaries; (2) granulosa cells of polycystic ovaries; and (3)
oocytes of non-antral follicles. The theca was negative for EGF receptor.
The pattem of immunofluorescence is similar for both TGF-a and the EGF
receptor, which implies that TGF-a exerts its actions locally. This pattern of
distribution of the EGF receptor confirms the possible role of TGF-a in the
stimulation of granulosa cell function in developing foilicles and in the cystic
follicles of polycystic ovaries. (Supported by NIH HD28584 and HD14574).
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A Germ Cell Protein in the Indianmeal Moth. Plodia
inter -unctella. P.D. Shirk. G. ZimowskaL and E.F.
Beckemeyer, USDA ARS, Insect Attractants, Behavior,
and Basic Biology Res. Lab., Gainesville, FL 32608.
A protein found primarily in germ cells was
discovered in the Indianmeal moth. Germ cell
protein (GCP) was purified from embryos and has a
molecular weight of 22,000. A GCP monospecific
polyclonal antiserum was raised and was used to
localize GCP in embryos and germ cells. Using
immuno-gold localization, GCP was observed in
embryonic cytoplasm but not in yolk spheres.
Oocytes contain large amounts of GCP which remains
throughout embryogenesis. The amount of GCP
decreases rapidly following hatching of first instar
larvae as yolk sack materials are digested. GCP was
present in germ cells, both female and male, during
all stages of development. Using immuno-fluorescent
staining in conjunction with Confocal microscopy,
GCP was detected in the cytoplasm and nuclei but not
in the nucleoli of germ cells. GCP was observed in
the cytoplasm and nuclei of nurse cells and the
cytoplasm of oocytes. GCP appeared transiently in
the nuclei of ovarian sheath cells of newly pupated
females, and in the cells of the upper vas deferens
during the period of sperm release from testes. In
addition to germ cells, GCP was detected
constitutively in oenocytes throughout the pupal and
adult stages. GCP function has not been determined.
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Developmental Regulation of Stathmin in Xenouus laevis
Oggenesis,. K.. Kovacs. J.P. Alesnik. and R.L.
Potter, Department of Chemistry, University of South
Florida, Tampa, FL 33620.
A M s 19000, heat stable protein isolated from
Xeno2us laevis oocytes has been identified as
stathmin or p192. These proteins exist in multiple
forms, are enriched in neuronal cells, and have been
suggested to be phosphorylated, intracellular relays
for extracellular signals. Polyclonal antibodies
directed against synthesized stathmin-peptides allowed
for the analysis of stathmin during the process of
oogenesis. The relative amount of this protein
increased dramatically during the earlier stages
(III - V). Additionally, two dimensional gel electro-
phoresis afforded an analysis of the multiple forms.
During oocyte maturation to the fertilizable egg, the
distribution shifts to the more acidic forms. This
shift is most likely due to increased phosphorylation,
and this supports the hypothesis that stathmin is an
intracellular relay protein.
1Sobel, A., et al, (1989) J.Biol.Chem. 264, 3765-3772.
2Schubart, U., et al, (1987) J.Biol.Chem. 262, 11871-
11877.
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Extracellular Protease Activity Models Jelly Matrix
Surroundina the Oocytes of Penaeoid ShrimR. J.D.
Green, p.S. Glas and J.W. L&nn, Dept of Anatomy,
Louisiana State Univ Medical Cntr, New Orleans and
Zoology and Physiology, LSU, Baton Rouge.
Upon release from the female's gonopores, oocytes
of penaeoid shrimp have deep surface invaginations, or
crypts, filled with a heterogeneous Jelly precursor
(Lynn & Clark,1987. Biol Bull 173:451). Crypts are
limited externally by a thin vitelline envelope (VE).
During the first few minutes as oocytes settle through
the sea water, the invaginations disappear. Oocytes
become smooth spheres. Concomitantly, jelly precursor
is released from the crypts and transformed into a
homogeneous material completely surrounding the
oocyte. During this time the VE disintegrates.
Experiments with oocytes of TrachyRenaeus similis and
Sicyonia ingentis yielded similar results during
trials with and without inhibitors of trypsin-like
enzymes. Micromolar concentrations of soybean trypsin
inhibitor (STI), aprotinin, and leupeptin inhibited
jelly release and dispersal. Addition of bovine
trypsin to STI-treated oocytes resulted in the
resumption of Jelly dispersal. Chymotrypsin was not as
effective as trypsin. Enzyme fluorometric assays with
jelly water revealed preferential cleavage at the
carboxyl terminus of arginine > lysine. Phenylalanyl
and leucyl analogs were not hydrolyzed.[NOAA Sea Grant
NA89AA-D-SG226].
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ImasiD goacium Dvnamics in Starfish Oocvtes S. A. Strickrl and V
'Dept. of Biology, Univ. of Now Mexico, Albuquerque, NM 87131
Integrated Microscopy Resource, Univ. of Wisconsin, Madison, WI 53706.
Changes in intracellular free calcium concentrations (_(Ca2+J) have been
monitored in oocytes of the starfish Pisaterohmus using calcium-sensitive
fluorescnt dyes coupled with confocal laer scanning microscopy (CLSM) or
fura-2 ratiometric measurements conducted on a conventional opifluoraconce
microscope. Following treatment with 15 mM caffeine to olicit Ca2+ releae
from IP;-insonsitive stores, prophase-arrested primary oocytes that had been
microinjected with calcium green as the calcium indicator and examined in
calcium-free seawater by CLSM undergo a dramatic tranient incroes in
fluorescence within the cortical cytoplasm ad germinal vesicle (GV).
Similarly, the GV and cortex of fura-red-loaded oocytes display a transiont
decreaso in their rhodamine emissions after caffeine treatment, and the nucleus
and cortical cytoplasm ofcaffeine-stimulated oocytes undergo a substantial rise
in their fura-2 ratios. Collectively, such studies indicate that the trnsiont
change in fluorescence observed by CLSM reflects a true incroase in [Ca1
rather than a simple dye artifact such as differential dye loading in the nucleus.
Primary oocytes microinjected with calcium green and caged IP5 also exhibit
a transient rise in the confocal fluorescent signal within the GV and cortical
cytoplasm following photolytic reloes of IP5, indicating that IP5-sensitive and
IP5-insensitive pools may be co-localized within the oocyte. In further CLSM
analyses, dye-loaded oocytes fertilized between GVBD and polar body
formation undergo a calcium wave that occurs mainly in the cortex and that
appoars to be relatively enhanced at the animal pole. Based on fura-2 studies,
the pre-fertilization resting levels of C21 are not u high as those observed in
sea urchin eggs, and the peak levels reached within the central ooplasm after
fertilization are typically lower than those recorded in sea urchin egg.
Sperm and Spermatogenesis I (49-50)
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Sperm Motility Studied with Optical Tweezers. M. W. Berns,
Y. Tadir, I. El Danasouri, L. Westphal, and S. Shimiizu.
Beckman Laser Institute, University of California, Irvine,
Irvine, CA 92715 and Department of Obstetrics and Gynecology,
Stanford University, Stanford, CA 94305.
Two different laser microscope optical trapping systems
have been used to study the relationship between sperm
swimming patterns and force. Either the 1.06 micron wave-
length from the Nd:YAG laser or the 700 nm wavelength from
the Titanium Sapphire laser beam were passed through a 100 X
Phase Neofluar objective on a Zeiss photomicroscope. The
laser power in the focused spot was varied from 25 mW to
200 mW. Individual human sperm were held in the trap while
the laser power was gradually reduced until the sperm could
swim away. The threshold trapping force was compared for
straight and zig-zag swimming sperm that were categorized by
velocity as fast (41 um/sec), medium (21 - 40 um/sec), and
slow (20 um/sec) swimmers. There was a direct correlation
between velocity and trapping force (the faster the velocity,
the greater the force to hold them). More force was needed
to hold the zig-zag swimmers than the straight swimmers. The
threshold trapping forces were also determined for sperm that
were exposed to cumulus extract and hyperactivated. Supported
by grants; NIH RR01192, ONR N00014-01-0134 and DOE DE-FG-03-
91-ER 61227.
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ition Of g SpermMoiity by a Gycoprotain Isolated from dleEgg
Chorions. MC. Pihil TS. ShildslR Yana . and G.N. Cherrl,
lUniversity of California at Davis Bodega Marine Laboratory, Bodega Bay,
CA 94923 and 2Department of Anatomy and Reproduction, University of
Hawaii Medical School, Honolulu, HI 96822. (Spon. by J.S. Clegg.)
The sperm of the Pacific herring, Clupea pallasi, are virtually
motionless in sea water after spawning, and only become vigorously motile
upon contact with the micropyle region during gamete interaction(Yanagirnchi et al., 1992, Develop., Growth Differ., 34:447-461). In the
present study, acidic sea water (pH 3.5) was used to isolate the sperm motility
initiating factor (SM from the egg surface. Chorions were obtained, with
intact micropyles, and the SMIF was purified following acid sea water
extraion; this procedure did not appr to alter the chorion or the micropyle
region. The pH (7.8) adjusted SMIF from the chorions was subjected to size
exclusion fractionation using membrane filtration. Sperm motility initiation
activity was only deected in the >100 kDa (but less than 300 kDa) fracdon.
SMIF apped as a single band on native polyacrylamide gl electrophoresis(PAGE), and was further purified by electroelution. The electmeluted band
was capable of initiating sperm motility at similar levels to those observed
with SMIP prior to electrophoretic tratmet. SMIP initiated sperm motility
at cocwentrations of less than 20 tglm; this motility was maintained for at
least 60 min. SMI represented approximately 4% of the total chorion
protein, and had a protein:carbohydrate rio of 50:1. Sodium dodecyl sulfate
-(SDS) PAGE revealed tht SMIF consisted of a major polypeptde with a
molecular weight of 105 kDa. This polypeptide staned positively for
carbohydrate, using periodic acid Schiff, and showed affinity for Con A on
western blots. Con A specifically labeled the micropylar indentaton and
canal of the intact egg chorion. These data suggest that SMIP is localized to
the micropyle region of the herring egg, and possesses mannose residues.
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The Speract Receptor is Localized on Sea Urchin Sperm Tails: Synthesis and
Characterization of a Fluorescent Peptide Agonist, RA. Cardullo', MJI Peterson',
S.B. Herrick*, P.S. Mandrekar', and LJ. Dangoltt, Department of Biology,
University of California, Riverside, 92521, 'Worcester Foundation for Experimental
Biology, Shrewsbury, MA 01545.
The egg associated decapeptide, speract, increases motility and respiration
of spermatozoa from two closely related sea urchins, Strongylocentrotuspurpuratus
and Lytechinus pictus at pH 6.6. Previously, a bioactive peptide analogue,
GGG[YI-speract, was prepared and used to identify and purify the peptide receptor
(JBC 259:13712-13716, 1984). We have synthesized and characterized a fluorescent
derivative of GGG[Yl-speract and used it to localize the speract receptor on intact
spermatozoa. Fluorescein isothiocyanate (FITC) was conjugated to GGG[YI-speract
by conventional methods and the fluorescent product was purified by size exclusion
chromatography and characterized by reverse phase HPLC. The conjugated peptide
was found to be bioactive using two different assays. First, at pH 6.6, FITC-
GGG[YI-speract stimulated respiration of S. purpuratus sperm half maximally at
a concentration of approximately 40 pM, which was similar to values obtained with
either speract or GGG[YI-speract. Second, in competition binding assays, FITC-
GGG[Y2]-speract was able to successfully displace III-labeled GGG[Y2]-speract at
both pH 6.6 and 8.2 on intact L. pictus sperm with an IC5o similar to both speract
and GGG[Yg-speract. Taken together, these characterizations suggest that the
fluorescent analogue is binding to the same receptor described previously. Using
video-fluorescence microscopy, we demonstrated that binding of the fluorescent
analogue of speract was localized to the tails of L. pictus sperm. This labeling was
abolished in the presence of excess speract or GGG[Yl-speract. This sperm tail
localization was confirmed by immunofluorescence microscopy using a polyclonal
antibody to the speract receptor. Supported by NIH R51-HD07017 (RAC), NSF
DCB-9018362 (LID), and a Mellon Foundation Grant to WFEB.
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The 26 kD Protehi Rognized on Rat Cauda Epididytal Sperm by
Monoclrml Antbody 4E9 Has htemal Pe Suene Identifty to the
Secreted Forn of Protehi E Wonhao Xu, afx M Ensrud and David W.
Hamiltn Departbent of Cell Biolgy and Nouroanatomy, University of Minnesota,
Minneapolis, MN 55455
The acquisition by sperm of proteins secreted by the epithelial cells in distinct
regions of the epidiymis is regarded as an important post-testicular maturation
event in mammalian sperm. Rat opididymis-specific socrotory proteins D and E are
expressed in prncial cells of the eplddymal spithlium. Both proteins are also
detetd by antibodies on the sperm surface and in the surrounding fluids even
though they ocalize in different regions on the sperm surface. Protein D is found
on the plasm membrane overlying the acrosome, wheas protein E is located on
the sperm tail. However, there has been no direct evidence to show that the sperm
membrane-associated forms are actually denved from the secreted forms
transported through fluid. In the course of studying the antigen recognized by MAb
4E9 we found that it is actually epididymis-specific protein E and the epltope is
toward the N-torminus. The antibody does not recognize protein D. While
investgatng differences between proteins D and E, we purified protein E from
sperm membranes by reverse phase HPLC, identified it wit MAb 4E9 and
sequenced an intemal poptide obtained by CNBr deavage, since the N-terminus of
the protein is blocked. The peptide of 34 amino acids displays 100% sequence
identity with amino acids in the carboxyl half of protein E from epididymal fluid. This
is the first direct evidence that the membrane form of protein E is denved from the
secreted, fluid form, and that the phenomenon of association of fluid proteins wth
sperm is not merely opitope identfty. (Supported by USPHS grant HD-11962 to
DWH)
55
Expression of zalactosEyl receptor in human testis and testicular tumors. 1
R. Mertz, G. iLLITres, and A.L Kierszenbaum, Department of
Cell Biology and Anatomical Sciences, CUNY Medical SchooL, New York,
NY 10031 and Department of Urology, Columbia-Presbyterian Medical
Center, New York, NY 10032
Rat Sertoli cells, spermatogenic cells and sperm contain a cell
surface receptor that we have designated rat testis galactosyl receptor, RTG-
r (J.Cell Biol., 108:367-376, 1989). RTG-r is antigenically related to the
msnor receptor species rat hepatic lectin 2/3 (RHL-2/3) and has binding
affinity for galactose coupled to agarose. Immunoblotting, Northern
blotting and immunocytochemical experiments have shown that rat testis
does not contain the major receptor form RHLl1 that is predominant in
rat liver. Antisera to RHL-1 and RHL-2/3 were used to determine
Whether human testis and testicular tumors expressed a galactosyl receptor
(HTG-r), whether the expression of the minor receptor species coexisted
with the major form under normal and pathological conditions, and
whether HTG-r was observed on the acrosomal region of the human
sperm head as in rat sperm. We have used an immunoperoxidase
approach to identify HTG-r reactive sites in paraffin-embedded testes
from adult patients with complete and incomplete spermatogenesis and in
a group of malignant testicular tumors. We have found that testes and
testicular tumors express HTG-r. HTG-r is antigenically homologous to
RTG-r and both HTG-r and RTG-r are antigenically-related to RHL-2/3.
A RHL-1-equivalent was not observed in human testis or testicular
tumors. Preliminary immunoblotting studies using lysates of human testes
demonstrate an immunoreactive protein doublet of about Mr 54 kD
comparable to that observed in lysates of rat testis and sperm. Studies are
in progress to define additional biochemical and molecular characteristics
of HTG-r in normal testis and testicular tumors.
Supported by USPHS grant HD27685.
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Production ofMonoclonal Antibodies to Staze-soecific HamsterSperm Surface Antizens,
R.P. DeMott and S.S. Suarez Dept. of Physiological Sciences, University of Florida
College of Veterinary Medicine, Gainesville, FL 32610-0144.
We are interested in identifying hamster sperm surface components that are
associated with sperm binding to the oviductal mucosa and the onset of hyperactivated
motility. Incubated in our capacitating media, the majority of hamster sperm stick
head-to-head after approximately 1 h. The sperm separate after approximately 1.5 h
of further incubation, when they also begin to show hyperactivated motility. In vivo,
sperm appear to spend more time stuck to the oviductal mucosa prior to hyperactivation
(DeMott, R.P. & Suarez, S.S, 1992, Biol. Reprod. 46:779; Smith, T.T. & Yanagimachi,
R., 1991, J. Reprod. Fert. 91:567). We hypothesized that the transitions to agglutinated
and hyperactivated states involve cell surface modifications that can be studied using
monoclonal antibodies. BALB/c mice were immunized with fresh epididymal hamster
sperm and splenocytes were fused with SP2/0 cells. In order to identify antigenicity
changes during the stages of interest, a sperm screening assay comparing indirect
immunofluorescent staining pattems of fresh, agglutinated, hyperactivated, and
capacitated sperm was developed. In order to clearly separate hyperactivated from
capacitated sperm, we formulated a medium that allowed rapid hyperactivation, but
delayed capacitation. Capacitation was assayed by the ability of 0.3 mg/ml lysophos-
phatidylcholine to induce acrosome reactions within 5-10 min. To limit the screening
to the cell surface, sperm were fixed for 5-10 min in 7% formaldehyde. Using this
screening method, most of the antigenicity we detected was localized on the midpiece.
In contrast, in tests with unfixed sperm more of the staining was within or over the
acrosome. Hybridoma culture supematants that showed staining patterns specific to
the relevant stages were used to select antibodies for further study. From one fusion
we identified 6 antibodies for cloning and further characterization. In initial
experiments, 62.1 appears to bind an epitope over the acrosomal region on fixed sperm
which increases markedly with hyperactivation; 62.2 appears to bind an epitope on the
midpiece that declines with agglutination. Supported by NIH Grant HD19584.
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Mouse Snermasogenic cells. Neonatal Oncytes and F9 Teratocarcinoma cells Share a
Common Nuclar Antigen Re ized by a Monoclonal Antibody. George C. Enders,
DepL of Anatomy & Cell Biology, University of Kansas Medical Center, Kansas City,
Kansas 66160-7400
A Lou/M rat was injected a dozen times over a one year period with live mouse
pachytene sprmncytes which had been cultured overnighL Ihe rat spleenocytes were
fused with mouse SPZN myeloma cells and the conditioned media scroened foranibodies
against spermatogenic cells. One of the clones 10D9G11 (an IgM) bound to
spermatgenic cell nuclei when detected by indirect immunofluorescence. Strong nuclear
immunoreactivity was detected in spermatogonia, with moderate reactivity in
spnrmatocytes and round spennatids when the localzation wasperformed on Boui's fixed
paraffin section using biotinylated secondary antibody detected with alkaline phosphatase
labeled streptavidin. Immunoreactivity is gradually lost from semtids as they undergo
nuclear condenstio. On Western immunoblots 10D9Gll recognized a band at about
I1OKD. Western blotting analysis indicate that the antigen is present in pachytene
spermatocytes, round spermatids, but absent in mixed vasal and epididymal sperm,
primary Sertoli cells, and TM3 and TM4 cell lines. Western blotting was also used to
determine that there was litsle if any antigen in adult mouse lung, liver, kidney, spleen,
heart, skdn, brain, epididymis and ovary. In prepuberal mice the antigen is present in all
stages ofspemaogonia and prespermatogonia. W/Wv male mice (which lack germ cells)
do not contain the antigen as detected by western blotting, while wild type controls do
have the IOKD antigen. Examination of embryonic day-12.5, -14.5, -16.5, and -18.5
mice indicate the the nuclear antigen is present in both pesper nia and oogonia.
Subsequent examinadon of prepuberal female mice by immu nol i indicates that
the antigen is present in oocytes in the cortex of the ovary (postpatum days 0-8) but is
lost at about postpartum day-10 from oocytes which have entered the dictyate stage and
gained a single layer of granulbsa cels. The antigen has not been obseved in any section
of postpartum female ovaries after day-12. The antigen is also present in F9
temtocarcinoma cells as determined by immunoblotting. Studies are currently in progess
to determine when in embryonic development the nuclear antigen frst appear in addition
to further determining it biochemical nature. Funded by R29 HD 26639.
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Hormonally-regulated Sertoli cell phosphogroseins SCcl and SCc2 are
hondriam assied- C.W. Gyres and R, rZhiLiv. Dept of Cell Biology,
Neurobiology & Anatomy, The Ohio State Univ., Columbus, OH 43210.
Sertoli cell phosphoproteins SCcl and SCc2 are induced by FSH and
(Bu)2cAMP in cultured Sertli cells, seminiferous tubules, and ovarian granulosa cells
and by (Bu)2cAMP but not by FSH in cultured peritubularmyoid cells. These poteins
have been identified using [35S]methionine labeling and 2-D gel electrophoresis. We
have previously suggested that SCcl and SCc2 are homnologous to proteins pp3O and
pp30Y present in adrnocortical cells in rsponse to ACTH [J. Cell Biol. 115:142a
(1991)]. A side-by-side comparison here using peptide mapping with c-chymotrypsin
reveals that SCcl and SCc2 from theSertolicell do indeed have identical ciavage maps,
suggesting that they share a common pfimary amino acid sequence with proteins pp3O
pp3 from adrnocortc cells. Using subcellular frctionation, we have shown that
SCcl and SCc2, as well as their non-phosphorylated counterparts SCcl' and SCc2', are
mitochondrially-associated. These proteins are preferentially located on the inner
mitochondrial membrane and may be processed from a lrger precursor protein initially
insested into the outer mitochondrial membraneand subsequently transferred to the inner
membrane after proteolytic cleavage [as suggested by Stocco and Sodeman, J. Biol.
Chem. 266:19731-19738 (1991)]. Though SCcl and SCc2 share structural
characteristics with theadrenocortical cellproteins pp30and pp3(Y, their function in the
Sertoli cellmay be different. The adrenal proteins, which are also found in Leydig cells
and corpus luteum, are thought to facilitate the transport of cholesterol to the inner
mitochondrial membrane where it is then a substrate for cytochrome P45Oscc.
However, Northern blot analysis, reveals that Sestoli cells lack the PSs08cc transcript,
consistent with the idea that Sertoli cells do not process cholesterol for steoidogenic
purposes. We suggest here that SCcl and SCc2 in the Sertoli cell may be involved in
the transport of molecules, like or including cholesterol, that require impot into the
mitochondria. Since the Sertoli cell membrane normally undergoes extensive
remodeling, the import and processing of cholesterol or phospholipidsby Sertoli cell
mitochondria may be an especially important metabolic pathway and the
phosphoproteins SCcl and SCc2 may be involved in this process. (Supported by
USPHS Award #19375.)
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Relationshin of a Mouse Sertoli Cell Line (MSC-1) to Nonnal Mouse Sertoli Cells.
M. McGuinness,LH Gail Dock, C. Linder, C. , andM. Griswold, DepL
of Biochemistry, Washington Stae Univ., Pullman, WA 99164 and 1 Dept. of Anatomy,
McGill Univ., MontreaL Canada HeA 2B2.
A mouse Sertoli cell line (MSC-1) was created by constrcting strangenic mice using the
promoter to Mfllerian inhibitory substance to drive the large T-antigen of SV-40 (Peschon
et al [1992] Mol. Endo., in press). The purpose of this study was to examine
morphological and physiological characteristics of MSC-1 and to compare these cells to
Sertoli cells. MSC-1 were cultured in Dulbecco's modified Eagle's media containing 5%
bovine calf serum (320C or 370C, 5% C02). Sertoli cells were isolated from 19-20 day old
mice and cultured in Ham's F-12 for 5-6 days at 320C. Cultured cells were fixed and
processed for electron microscopy. In general, the ultrastucture of these cells was similar.
However, morphometric analysis revealed that MSC-1 cultured at 370C contained more
endosomes and lysosomes by volume than MSC-1 or mouse Sertoli cells cultured at 320C.
Lipid inclusions were present in Sertoli cell cultures maintained at 320C, and MSC-1 cells
at 37C, but absent in MSC-1 cells incubated at 320C. Northern blot analysis of mRNA
isolated from MSC-1 cells indicated that, similar to Sertoli cells, these cells were capable of
producing androgen binding protein, transferrin, and sulfated glycoproteins 1 & 2. In
contrast, we could not detect message for FSH receptor. Analysis of proteins secreted by
MSC-1 into the media in the absence of serum indicated that these cells secreted sulfated
glycoproteins 1 & 2, and transferrin. Transferrin secretion was stimulated in the presence of
testosterone, insulin, and dbcAMP. In contrast to normal Sertoli cells, this cell line was
capable of cell division when cultured at 320C or 370C. However, cell division was
inhibited when cul were incubated at41°C. the non-permissive temperture for the SV-
40 virus. In addition, the rate of cell division was reduced after incubation for 4 days at
370C in the presence of 0.15mM dbcAMP. Thus, MSC-1 cells possess many
morphological and biochemical characteristics associated with Sertoli cells and may provide
unique insight into Sertoli cell function.
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tifiatio of Seroli Cell Surface FucoylatedPolypedtes. C F. Millette
and Sanders. Department of Cell Biology and Neuroscience, University of
South Carolina, Sch. of Medicine, Columbia, SC 29208 (Spon S.C. Newton)
Plasma membrane glycoproteins are involved in diverse aspects of cellular
differentiation, including cell-cell adhesive intections. We are studying the
interactions between cells and Sertli cells and have previously identified the
fucosylated constituents of germ cell surfaces (Gerton and Millette, 1986). To
complement these results, we are investigating glycoproteins on Sertoli cells.
Specifically, we have identified fucosylated polypeptides expressed by rat Sertoli
cells after short-term in vitro culture. Sertoli cells were isolated from 20-day old
CD strainrats and cultured for 7 days beforepparadon ofplasma membranes
using hypotonic lysis and sucrose density gradients (modified from Millette et al.
1980). ID and 2D SDS-PAGE analysis indicates that the majority of surface
polypeptides have Mrs ranging from about 27 kDa to 150 kDa and pls ranging
from about 5.5 - 9.5. A subset of these constituents are actively syndtesized by
Sertoli cells in vitro as evidenced by incorporadon of [35S]-Met. Western blots
(Haselbeck et al. 1990) using digioxigenin-labeledAAA lectin (specific for a-L-
fucose linkages) reveal 6 major fucosylated Sertoll cell surface constituents with
Mrs from 45 -110 kDa, which differ from those detected on germ cell plasma
membranes. Funhermore, incubation of intact Sertoli cells with [3HJ]-fucose
results in the transfer of fucose to 2 major constituents with Mrs of49 and 100
kDa, indicating expression of cell-surface fucosyltransferase on Sertoli cells.
FinaUy, confocal immunofluorescent analysis of cultured Sertoli cells labeled by
fucose-binding loctins reveals an unusual punctate staining pattem, possibly
reflecting localization of fucosylated membrane polypeptides to resticted plasma
membrane domains. In toto, our findings show that Sertoli cells and germ cells
differ with respect to theirrespective panoply of fucosylated plasma membrane
polypeptides. The Sertoli cell components are now being examined for
involvement in cell-cell intecions. HD-15269 (CFM).
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Wibrlblast Gropthb aetnr and its Recepto. in Rat Testis..
lll.Sulc .a1, Steven R. SylvesterlI,X2an Hee Kim1,M2 r 1aretE.
S chlglljg,Suhramaniam Venj2teswar2nZ, VincenthD Michsl
D, Griswoldl. Departments of IBiochemistry and Biophysics, and 'Genetics
and Cell Biology, Washington State University Pullman, WA 99164
A factor secreted by cultured germ cells was shown in previous studies to
stimulate transferrin (Tf) mRNA and protein levels in Sertoli cells. To
identify this germ cell secreted protein, concentrated medium from
cultured germ cells was separated by reverse phase HPLC. One peak of
activity exhibited 2.4 fold stimulation of Tf secretion in Sertoli cell
cultures above the basal level. Both this active fraction and a total protein\
extract from cultured germ cells were positive for basic fibroblast growth
factor (bPGP) as determined by Western blot analysis. The apparent
molecular weights of the immunoreactive proteins were 3OkD, 27MD, and
24kD. Similar to the active fraction, 10 ngtml of recombinant bPGF added
to Secoli cell cultures stimulated Tf secredon and mRNA levels 3 fold
above the control level. bFOF was shown to be present in pachytene
spermatocytes and Leydig cells by immunohistochemistry. bPOF receptor
(bFPFR) was also examined by immunohistochemistry and found to be
present in Leydig cells, elongated and round spermatids, and Sertoli cells.
The presence of receptors was more pronounced in sages I to Vm. Western
blot and Northern blot analysis confirmed that bPO'R was expressed in
germ cells and Sertoli cells. Germ cells contained both 12OkD and 145kD
receptors, but Sertoli cells possessed only the 1201D receptor. These
results suggest that bFOP is a germ cell product regulating Sertoli cell
function. The expression of bFOF and its receptor may be an important
component of germ cell-Sertoli cell and/or germ cell-germ cell
communication during spermatogenesis.
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Cell Surface Associated Fucosyltransferase Activity in Rat Sertoli Cells. ,S
Ra vcludhl and CFMiJllette. Dept. of Cell Biology & Neuroscience,
University of South Carolina School of Medicine, Columbia, S.C. 29208.
We have previously reported fucosyltransferase (FT) activity on mouse germ
cell surfaces at different stages of spermatogenesis [Cardullo et al. 1989; Ram et
al. 1989]. To complement these findings, we are now studying Sertoli cell
surface FT. Sertoli cells were isolated from 20-day old CD rats and cultured for
6 days. Cells were then either solubilized with octyl-D-glucoside (SC) or
fractionated into enriched plasma membranes (SCPM) [Millette et al. 1980]. FT
assays were performed using a size exclusion microfiltration method developed
previously by this laboratory [Cardullo et al. 1987]. Vmax and Km for FT
activity in both SC and SCPM samples was detemiined. SC displayed FT with a
Vmax of 12.5 pmoles (mg protein)1 min1 and a Km of approximately 22 gM.
FT activity in SCPM showed a Vmax of 10 pmoles (mg protein)Y1 min- and a
Km of 18.2 FsM for GDP-L-fucose in the presence of saturating amounts (20
mg/nl) of asialofetuin (AF) at 330C. At saturating concentrations of both AF
and [14C]-GDP-L-fucose (60 g±M), FT activity was 16.7 pmoles (mg protein)-
minml for SC and 2.6 pmoles (mg protein)r1 min1 for SCPM. Therefore,
approximately 15.6% of FT activity was retained in SCPM. These data
demonstrate that a significant amount of FT activity is associated with Sertoli cell
plasma membrane, but that there is a quantitative difference in FT surface
expression between testicular somatic cells and germ cells. Experiments using
mouse germ cell plasma membranes previously demonstrated that a minimum of
35% of total cell FT was expressed as ectoenzyme [Cardullo et al. 1989]. Our
latest findings, therefore, suggest that a family of FTs may operate during
masnmalian spermatogenesis to regulate aspects of cell-cell interaction. Current
studies are designed to assay the physiological function of Sertoli cell surface
FT. Supported by HD-15269 (CFM).
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Characterization of Human Testicular Cell Association Molecules. G.E.
DeaD, JR. Mert, T. Hensle, C. Olsson, LL Tres, and A.L
Kierszenbaum. Department of Urology and Center for Reproductive
Sciences, Columbia-Presbyterian Medical Center, New York, NY 10032
and Department of Cell Biology and Anatomical Sciences, CUNY Medical
School, New York, NY 10031
Spermatogenesis results from the coordinated interaction of
spermatogenic and Sertoli cells within the seminiferous tubules. These
spatial interactions may exhibit temporally dynamic patterns of integrins,
lectins, cadherins and cell adhesion molecules (CAM) described in other
organ systems. CD4 is involved in lymphocyte interactions and has been
defined as the HIV receptor. Western blot analysis was performed using
human testicular tissue from patients undergoing orchidectomy or biopsy.
Paraffin sections of testicular material were utilized for
immunohistochemical studies. Western blot analysis of testicular
homogenates using antibodies to a V, A-CAM, CD4, D2 (equivalent to N-
CAM) and rat hepatic lectin (RHL) 1 and 2/3 showed a major protein
band Mr 140 kD for aV and doublets at Mr 120 and 135 kD for A-CAM.
Anti-CD4 serum revealed a Mr 54 kD major band and anti-D2 serum
demonstrated major bands at Mr 180, 80 and 60 kD. A Mr 54 kD protein
doublet equivalent to rat testis galactosyl receptor was seen with anti-
RHL-2/3 serum, whereas no detectable bands were seen with anti-RHL-1,
the major hepatic lectin. Immunohistochemical studies using
immunoperoxidase demonstrated aV immunoreactivity on spermatogenic
and Leydig cells. A-CAM was detected only on Leydig cefls. CD4 was
present in spermatogenic cells, with higher levels seen in meiotic and
postmeiotic cells. RHL-2/3 immunoreactivity was predominant on
spermatogenic and Sertoli cells but RHL-1 immunoreactivity was not
detected.
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Seminiferous Growth Factor (SGF) Stimulates DNA
Synthesis in Rat Prospermatogonial Stem Cells.
Y.Martinoval, W.Zheng and A.R.Bellvd- _-.Depart-
ments of Obstetrics and Gynecology', Anatomy and
Cell Biology2 and Urology2, and Center for Reproduc-
tive Sciences', Columbia University, New York, NY
1 0032.
Bovine SGF purified a80,000-fold stimulated
quiescent, 3-day-old rat stem cells to undergo DNA
synthesis, when testicular segments were cultured
for 24 hr in serum-free, DME medium. DNA synthesis
was assayed by the incorporation and immunocytochem-
ical detection of 5'-bromo-2 '-deoxyuri dine ( BrdU) .
SGF at 0 to 12 pM increased the percentage of stem
cells undergoing DNA synthesis from 10 to 50%, with
an EC., of -6 pM. Activin, inhibin, EGF, TGF81,
aFGF, bFGF, FSH, LH and insulin had no stimulatory
effect. MIS, TGFB1 and inhibin all down-regulated
SGF's effect on stem cell DNA synthesis in a dose-
dependent manner, with IC,,s of 165 pM, 175 pM and
1.85 nM, respectively. SGF increased the percent-
age of Sertoli cells labeled with BrdU from 15 to
29%, but this effect was not down-regulated by MIS,
TGFB1 or inhibin. In response to SGF (12 pM), stem
cells undergoing DNA synthesis increased from 27%
on Day 2 postnatal to 83% on Day 5, whereas control
cells increased from 0% on Day 2 to 55% on Day 5.
MIS, TGF01 and inhibin down-regulated the response
to exogenous SGF and the unknown endogenous factor.
Rockefeller Foundation grant, RF GA PS 9030.
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In YitrQ CApacitation of hoar Spermatozoa in an Albumin-Free
Medium supplemented wi,th Divalent Cation Chelators.
E. Bonilla, A. Amador, and M. Betancourt. Dept. Ciencias de
ia Salud, univ. Autonoma Metropolitana-Iztapalapa, MEXICO,
D.F. 09340.
In vitro capacitation of mamualian spermatozoa has been
used to investigate physiological mechanisms and factors
causing capacitation, Bovine Serum Albumin (BSA) is routinely
included in the capacitating medium of several species,
altough the biochemical mechanisms underlaying the facilita-
tion of capacitation by BSA remain unknown. It has been
suggested that BSA may facilitate capacitation by serving
as a zinc chelator (Aonuma, 1982), In this study, we tested
the divalent zinc cbelators L-Histidine and L-Cysteine for
their ability to capacitate porcine spermatozoa in vitro in
a BSA-free medium (Bavister, 1989). Washed sperm was
capacitated for 4 hrs at 37'C in chelating or BSA-containing
media. After this, porcine zona pellucida was added to a
final concentration of 125.iug/ml and sperm suspensions were
Incubated for an additional 30 min to induce the acrosome
reaction. A FITC-labeled lectin was added for assesment of
the acrosome status as an index of sperm capacitation. The
results demonstrate that porcine sperm can be capacitated
in vitro by using L-Histidine (10, 100, or 1000 yM) or
L-Cysteine (10, 50, or 100 uM) in an albumin-free medium,
supporting that BSA may be important as a zinc chelator
during capacitation.
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Initial characterization of a common
_ost-acrosomalsperm
autoantlgen In two strains of rats. K.M. Ensad, J.A. Pringle and
D.W. Hamilton Department of Cell Biology and Neuroanatomy,
University of Minnesota, Minneapolis, MN 55455
In an attempt to determine whether certain sperm surface epitopes
are responsible for initiation of an autoimmune response, Lewis and
Sprague-Dawley rats were injected, I.P., with syngeneic cauda
epididymal sperm or cauda sperm plasma membranes. Antibody
titers, as determined by ELISA, differed significantly between the
strains and among indMduals within each strain. However, antisera
from all immunized animals, regardless of strain or antigen source,
showed identical immunofluorescent staining of the post-acrosomal
region of cauda sperm. In sperm from the caput epididymis, the
autoantigen is localized over the entire head of the sperm but
migrates to the post-acrosomal domain as sperm move to the cauda
epididymidis. Treatment of caput or cauda epididymal sperm with
phosphatidyl inositol specific phospholipase C did not remove the
antigen. Westem blot analysis of whole cauda epididymal sperm or
cauda sperrn plasma membranes revealed two bands at 66kD and
56kD. Immunohistochemistry on paraffin embedded testis sections
indicated the appearance of the autoantgen on sperm in stage VII
tubules, just before release into the lumen. Further studies are
underway to define the molecules involved in eliciting this very
specific immune response and to determine the oigin of the epitope
on the sperm surface. (Supported by USPHS grant #HD-1 1962 to
DWH)
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Site-specific antibody recognizes the lysosomal but not the
secreted form of RrosaRosin/sulfated glYcoRrotein-l of rat
Sertoli cells. S Igdoura and CR Morales. Department of
Anatomy, McGill University, Montreal.
Prosaposin is a precursor glycoprotein that is processed
within lysosomes to four saposins molecules (A, B, C, and D)
which are activators of various lysosomal hydrolases. Its rat
homologue is Sulfated Glycoprotein-l (SGP-1, 70 kDa) which was
thought to be exclusively secreted by Sertoli cells. Recently,
we have demonstrated that in addition to its secretory pathway,
SGP-1 is also targeted to the lysosomes. In order to raise site
specific polyclonal antibodies against SGP-1, we used five
synthetic peptides from its previously published cDMA sequence.
In this study, we report on one of these polyclonal antibodies
raised against the sequence LLPAPASTKCQE, which is located on the
third domain (saposin C) of the precursor protein. Immunoperoxi-
dase staining at the IM level is exclusive to Sertoli cells.
This antibody reacts strongly with Sertoli cell lysosomes but
not with luminal or cytoplasmic SGP-1 molecules. The imnuno-
labeling first appears in the basal region of Sertoli cells in
stages I-X of the cycle. At stages XI-XIV, the labeling is
distributed in the apical as well as the basal region of Sertoli
cells. Residual bodies, phagocytosed by Sertoli cells during
spermiation, are immuoreactive to the antibody after their
internalization into phagolysosomes. This result supports our
previous findings which suggests that residual body degradation
is solely mediated by Sertoli cell hydrolases. These site
specific polyclonal antibodies will provide a valuable tool for
the study of targeting and processing of sulfated glycoprotein-
1. (Supported by MRC and FRSQ).
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Seminal Plasma Has Multiple Effects on the Acrosomal Resoonsiveness
of Human Sperm. N. L. Cross, Department of Physiological Sciences,
Oklahoma State University, Stillwater OK 74078.
Mammalian sperm do not respond to inducers of the acrosome
reaction (AR) immediately after ejaculation. They become responsive
after they are removed from seminal plasma (SP) and incubated in an
appropriate medium. tested the effects of SP on the development of
acrosomal responsiveness. Washed human sperm incubated 24 hr in
vitro with 10% (vlv) SP did not complete an AR when exposed to
follicular fluid (FF, 33%, v/v) or progesterone (P, 1 "g/mI) (mean % AR
± SD, n = 3 ): No SP, no inducer 10 0; No SP, FF 64 ± 13; No
SP, P 51 7; With SP, no inducer 1 1; .With SP, FF 1 ± 1; With
SP, P 3 4. SP did not reduce sperm viability or motility. SP was
50% effective in inhibiting the AR response to P when diluted 806 ± 81
fold (mean ± SD, n = 3). In contrast, when sperm were incubated 6 hr
without SP and then 10% (v/v) SP was added, the sperm population
transiently became more responsive to P, and then became unresponsive
(n=3, mean % AR ± SD): solvent control 3 ± 2; SP 2 ± 1; P 12 ±
4; P at the same time as SP 35 ± 6; P 15 min after SP 1 1 ± 8; P 1
hr after SP 9 ± 4; P 4 hr after SP 4 ± 2. During incubation in vitro,
the ability of sperm to have an augmented response to a mixture of SP
plus P developed in parallel to their ability to respond to P alone. After
24 hr in vitro, a few sperm responded to the addition of SP alone (mean
% AR ± SD, P < 0.05, n=5): No SP 11 ± 2; SP 18 ± 3. Therefore,
depending on how it is applied, SP can prevent, accelerate, or reverse
the development of acrosomal responsiveness, or induce the acrosome
reaction. Supported by funds from Oklahoma State University and the
Oklahoma Center for the Advancement of Science and Technology.
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Proacrosin Gene Expression in Rat Spermatogenic Cells. L.S. Raab, LYW
Hancock, and 2.W. Harmilton, Department of Cell Biology and
Neuroanatomy, University of Minnesota, Minneapolis, MN 55455
Mammalian proacrosin gene expression was considered to be
exclusively postmeiotic until recent studies detected the presence of
proacrosin mRNA in mouse pachytene spermatocytes. To determine if rat
proacrosin gene expression was initiated during meiosis, RNA preparations
from isolated rat pachytene spermatocytes and round spermatids were used
as templates for RT-PCR amplification, using proacrosin-specific primers.
The expected product of 315 bp was amplified from both pachytene
spermatocytes and round spermatids. Sequence analysis of the round
spermatid 315 bp cDNA fragment confirmed > 95% identity with the rat
proacrosin cDNA sequence (Klemm et aL, 1991, BBA 1090: 270). This
315 bp fragment was subsequently used for Northern blot analysis of
mRNA isolated from testicular germ cells. A 1.6 kb transcript was
detected in pachytene spermatocytes (85% pure), round spermatids (>90%
pure), and a mixed population of condensing spermatids/residual bodies,
with the highest level of expression in round spermatids. No transcript was
detected in Clone 9 (a normal rat liver-derived cell line) RNA preparations.
These data demonstrate diploid expression of the rat proacrosin gene, in
agreement with mouse proacrosin gene expression but in contrast to the
apparent haploid expression of proacrosin described for the bull and the
boar. These studies provide evidence that, in the rat, the process of
acrosome biogenesis begins during meiosis. (Supported by WHO Grant
90009, NIH Grant GM13906 and the Minnesota Medical Foundation)
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Acrogranin. an Acrosmmal Glycoorotein. Is the Precursor of
the Growth Modulatina Peotides, Granulins and Enithelins. and
In Expressed in Somatic As Well As Sermatoe2nic Cells., iL,.
Gortonl , T. Baba2, II B Boff, III', B. Neoto2, B. Lee, J_
Orth3 and, Y. Arai, 'Dept. Obstet./Gyn., Univ. Penn. Bch.
Med., Philadelphia, PA 19104, 2Inst. Appl. Biochem., Univ.
Taukuba, Tsukuba, Ibaraki, 305, Japan, and 3Dept. Anat./Cell
Biol., Teple Sch. Med., Philadelphia, PA 19140.
To study the biogenesis of the sperm acroome, we are
examining the biosynthesis, gene expression, and targeting of
specific acrosnmal proteins during mammalian spermatogenesis.
We recently purified and characterized acrogranin, a 67,000
Mr glycoprotein from guinea pig testes, and showed it to be
present in pachytene spermatocytes as well as the acronames
of developing spermatids and sperm. Izmunoblotting of
several tissues and issunofluorescent localization in frozen
sections of guinea pig testes suggested that acrogranin wae a
germ cell-specific glycoprotein that was expressed
meiotically and post-meiotically. However, studies with
cDNAs coding for guinea pig and mouse acrogranine dmonstrate
that the 2.3 kb ARNA for acrogranin is ubiquitously expressd
in all tissues examined. Furthermore, the primary structures
of guinea pig and mouse acrogranins, deduced from the eDNA
sequences, reveal that this glycoprotein is a cysteine-rich
molecule (-14-15%) with a motif that is tandemly repeated
seven times and is very similar to that of the human granulin
precursor recently cloned from a bone marrow cDNA library
(Bhandari et al., PNAS 89:1715, 1992). We conclude that
guinea pig and mouse acrogranins are homologues of the
precursor of the granulins and epithelins, peptides which
have previously been demonstrated to have growth-modulating
properties. Supported by NIH HD-22899 and the Mellon Fdn.
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Extracellular ATP is a Tricaer for the Acrosome Reaction
in Human Soermatozoa. C. Foresta. M. Rossato and F. Di
Viraili2o.
Institute of Medical Pathology, University of Padova and
Institute of General Pathology, University of Ferrara,
Italy.
We tested the effect of extracellular adenosine 5'-
triphosphate (ATPO) on the activation of human
spermatozoa. ATPO, in a concentration range from 50 uM
to 5 mM, induced the acrosome reaction, which, at the
optimal concentration of 2.5 mM, was maximal (30-35% of
spermatozoa activated) within 60 min of the addition of
the nucleotide. At the end of this incubation in the
presence of ATPo no decrease in cell motility and
viability was observed. Other purine/pyrimidine
nucleotides were ineffective since a weak (10% of ATP)
effect was observed only with CTP and the ATP analogues
AMP-PCP and ATPgS. ATPO did not cause Ca2+ release from
intracellular stores, nor it caused Ca2+ influx from the
extracellular milieu; on the contrary, it caused a
clear, albeit slow, plasma membrane depolarization.
ATPO-activated spermatozoa showed a nearly 100% success
rate in the standard hamster-egg fertilization test. Our
results describe a new effect of ATPo in human
spermatozoa with relevant potential applications in
fertility studies.
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Vikeo of the acrosome reaction of lbster sermm K L. TsaiL
TaLgt. Departent of biology, University of Califomia, Riverside, CA 92521.
(Spon. by E. A. Nothnagel)
Sperm of the clawed lbster, Homa amedcanus, are normally non-
motile; however, during fertilizaton they undergo a calcium dependent acrosome
reacion that propels forward about 18 pm. In previous etudes of the acrosome
reaction, it was determined that the reaction occurs In two phases, everion and
ejection. However, because the reaction takes place very rapidly, all stages of
thereaction and its rate have not previously been analyzed. Our goal In this study
was to examine the structural changes occurring in sperm during the normal
acrosome reaction and to detemfine the rate of the reaction using video tape
mlcroecopy. The reaction Is induced in v byrob ionophore A23187 and recorded
using a video system attached to a Nikon Nomarsld interference microeoope.
Video tapes were played back frame by frame (25 frames per second) and images
of the reactions from 10 sperm were analyzed. The acrosome reaction Including
the eversion d the acrosomal vesicle and the eectIon of the subacrosomal and
nuclear material can be dMded Into 4 steps: (1) expansion d the apical cap, (2)
eversion d the acrosomal vesicde, (3) contraction of the apical cap and ejection of
the subacrosoml and nucear material, and (4) further contraction d the apical
cap and final extrusion of the acrosomal filament. The time to complete the
reaction ranged from 0.66 to 5.16 seconds, and seven sperm completed the
reaction In lss than three seconds. On the average, steps I and 4 take about 0.22
seconds and show little variation among sperm. The length of time for completion
of step 2 is the most variable; while the average for step 2 was 0.63 seconds, the
range for this step was 0.33 to 1.0 seconds. Step 3 Is ess variabie and takes 0.38
seconds on average. The forward movement d lobster sperm during the
acroom reaction appears to be caused by hydaion of the acrosomal contents
and contracton of the apical cap. Hydration of the acrosome drives the acrosome
X through the egg oat, while contradcion of the apical cap propels the
filament and nuclus through the coat and leads to contact between the membrane
of the sperm and oocyte membrane.
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Ultrastructural and biochemical characterization of the apical cap of lobster
prm. K. L Tsai. and P. Talbot Department of Biology, University of
Califomia, Riverside, CA 92521.
Sperm from the American lobster, Homarus amerncanus, have a
large cylindrical acrosome. When sperm undergo the acrosome reacffon,
the acrosomal vesicle is everted and the subacrosomal material and
nucleus are ejected towards the oocyte. The purpose of this study was to
isolate and biochemically analyze the apical cap, a subcompartment of the
acrosome. Video tape analysis of the acrosome reaction has shown that
the apical cap is everted and undergoes contracfion as the reaction is
being completed. Based on ultrastructural examination, the apical cap can
be divided into four components: zones 1, 2, 3 and 4. Pfior to the
acrosome reaction, zone 1 appears crystalline, while after the acrosome
reaction, it is filamentous. Zones 2 and 3 are crystalline and electron
dense before the reaction. In reacted sperm, zone 2 remains dense, and
zone 3 becomes swollen. Zone 4 appears to be soluble as it is no longer
observable after the reaction. We have developed a procedure to isolate
the apical caps using Percoll density gradient centrifugation. The purity of
this isolated fraction has been confirmed with transmission electron
microscopy. On SDS-PAGE, isolated apical caps show 7-8 major bands
with molecular weights ranging from 37-57 kDa. When acrosome reacted
sperm are labelled with RCA60rgold, only zone 3 of the apical cap is
labelled, and 0.2M D-galactose inhibits RCA60-gold binding. When whole
sperm are subjected to Westem blot analysis with RCA60-HRP as the
probe, a single band which probably represents a major component of
zone 3 is labelled at about 47 kDa.
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Determination of the pig acrosome reaction by lectin labeling.
Serrano, H., DIaz-Esparza, L. Dept. Health Sci. Univ. Aut. Metro
politana-Iztapalapa, Mexico City, DF,09340, Mexico.
Several techniques have been developed to determine the acros
ome status of the mammalian spermatozoa. Some use supravital
stains or are based on the specific recognition of intracrosomal
molecules.In general, these methods are not easily reproducible
or requires the expertise of the researcher. In the pig, the
msat widely used method is the blue-green vs. pink-red stain of
Wells and Awa (J.Dairy Sci. 53:277.1970). In our hands, this
technique is not very accurate and may be affected by pH, vapor-
ization.or even the mounting resin. We have developed a rapid
and easy method based on the specificity of the peanut lectin
(PNA) to detect N-acetyl-lactosamine residues on the sperm plas
ma membrane.
Ejaculated boar spermatozoa were capacitated,acrosome react-
ed, smeared on a glas slide, treated with ?ITC-conjugated PNA,
washed and mounted in order to be analized by epifluorescence
microscopy.
We have detected four patterns easily distinguishable: acros-
ome intact (whole head label); incipient acrosome reaction (spat
tered head fluorescence); complete acrosome reaction (Bright
fluorescence at the equatorial segment); and a false acrosome
reaction (empty acrosome lined by bright fluorescence). This
patterns correlate with the time progression of the acrosome
reaction detected by other vital-fluorescence methods.
(This work has been partially funded by grants from CONACyT
D-113-.903960 and DGICSA-SEP C90-01-0282 awarded to HS).
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Phoaholloid DistributIon In Boar SO=rm Plam and Intracellular Membranes as
Reveaed by Freeze-FraYet ytdy F.W.K Kan and Y. Ib,Deprmqtd
Anatomy, Unlversl de Monrl, Montreal, Quebe Canada H3C 3J7.
Mammallan undergo a serIe d membranmedlat procese
such as capacltation and acrooms reacton. These two memanorelated
ivolve modlllcation In sperm lIpid Alugh severa eports
documented the total lpids of sperm om a lIted number d specis and chnges
In lipid compostion have been descrIbed In sperm membrane durngthe ealy steps
prior to fertlzation, inomain on the topoap d utIon d lpids hi sperm
membranes b linkled. We hae used hfcre-label and labbl4ractur c
I conjunctionwththe ph hWlpase.2 colloidal gold (PL%-CG)technlusto tudy
the distribution of phoapholIpids ecitd boar sm_ato Thee
offer an opportuIy to look at the topopcl dIstrIbutn dphospholpids In
freeze-fractured spenm memranes hI tr ihmenslonal view. Ourr reved
that the nudear onveope membrane and the nucear contes were inte y and
unlformiy labeled with PLA2-CG. Moderate belOng was detected aver acrosomal
membranes, especaly the ner acrosoml me an. Replca both
protoplasmic and explsmic fractuefces of the pmame boar sperm
showed a relatiely low dernsty of PLA.2G labeln However, Ibing mr the
protoplasmic fracturece In thep regionw more htsns than that
of the acrosomal region Intene labeling ws also en er crosracu
mitochondrla, coarseflbers and fibrous sheat In theUgeum,pr has
of the plasma membrane over the mldploe end annrus labeled
with a weak labeling over the principal plae In lae-racture pr
exoplasmic halves ofth p mmbra inthe u and pn ple were
devoid of binding ekts for PA.CG. These obserato indicate tat thedl
dIibution ph iis oclatedwf the boarsperm nmmbanes mayret
phospholipid composdion d mmramdoms ofspecdl phyidogic




Visualization of the Macromolecular Components of the Egg Jelly Coat of
theQSeaWUrchinWStrongyloceWtrotus =ulatusLB S. oLMelL,llSH ,
D.E. Chandler and *V.D. YVacui , Department of Zoology, Arizona State
University, Tempe, AZ 85287, and *University of California at San Diego,
La Jolla, CA 92043.
The jelly coat surrounding the egg of the sea urchin S. purpuratus
was separated into three components by gel filtration on a Sephacryl-500
column and each visualized in platinum replicas. The elution profile shows
a high molecular weight fucose sulfate polymer (FSP) eluting in the void
volume with subsequent elution of intermediate and low molecular weight
glycoproteins (designated as 'black' and 'red" fractions based on their
appearance by silver-stained SDS-PAGE). High resolution images,
produced by spraying jelly fractions onto mica chips and rotary shadowing
with platinum, demonstrate a diversity of topological characteristics.
Before fractionation, whole egg jelly appears as a network of large
branching fibers decorated with numerous globular molecules. After
fractionation, the FSP fraction exhibits fibrous networks similar in
appearance to those of whole jelly but largely devoid of decoration. On
some areas of the mica surface, the fibers radiate from a central hub much
like the spokes of a wagon wheel. In contrast, the black and the red
glycoproteins have a globular appearance. Apparently, the FSP and black
fractions interact. If the red fraction is removed from the egg jelly leaving
the FSP and black fractions intact, the fibrous FSP network remains highly
decorated by the globular black fraction. Supported by grants from NSF
(IBN-9117509) and NIH (HD-12986).
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An Cross-Linker Induces Redistribution of Suloiiold-Immobilizino Protein 1
(SLIP1I) in the Mouse Sperm Head but does not cause the Acrosome Reaction
C.E. Moase and N. TDhailL Reproductive Biology Unit, Dept. of Obstetrics &
Gynecology, Loeb Medical Research Institute, Ottawa Civic Hospital, and Dept. of
Bchemiry, Universiy of Ottawa, Oltawa, Ontario, Canada.
SLIPI, a gern cell-specifc merntane protein, is found in testicular homogenates
of fish, amphibians, birds and mammals. Studies have shown that SLIP1, present
on the mouse sperm head, is involved in sperm-egg interaction, and binds
specitically to the zona pelhlcida of the egg (TanphaichHr et al. 1991 J. Cell Biil.
115: 461a). Direct lmmundlfuorescence of Nve mouse sperm using FITC-labeled
anti-SLIPI Fab fragment shows that SLIPI is localized to the postacrosomal region
of the sperm head, particularly at the region of the equatorial segment. This
contrasts results from indiret immunofluorescent studies, using affinity-purified
anti-SLIPI IgG, that showed SLIP1 was localized to the convex ridge. To determine
if SLIP1 redistributon oocurs on the sperm head upon exposure to a cross-linking
agent, live mouse sperm were exposed to unlabeled anti-SLIP1 Fab fragments
followed by FITC-labeled 1gG; FITC-labeled anti-SLIPI Fab fragmerts folowed by
unlabeled 0gG; or FITC-labeled anti-SLIPI Fab fragments folowed by TRITC-labeld
IgG. Exposure of live sperm to IgG decreased the intensity of postacrosomal
staining in sperm stained initialy with FITC-labeled anti-SLIPI Fab fragmerts, and
new fluorescert label appeared in the cornex ridge. Acrosomal staining indicated
that these structures remained intact, unlike many other sperm surface proteins that
have been shown to undergo redistribution In conjunction with the acrosome
reaction. This suggests that SLIPI may be invoived in the sperm-egg interaction
that occurs prior to the acrosome reaction, either directly by binding to ZP3, the
sperm receptor on the egg, or indirectly by interacting with other sperm surface
zona binding proteins.
(Supported by: Fonds de Recherche en Sante du Ouebec, MRC of Canada, and
the Lalor Foundation).
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A Glycoprotein Fraction of Sea Urchin Egg Jelly Induces the
Acrosome Reaction, not the Fucose-Sulfate Polymer. S.H.Keller
and V.D. Vacquier, Scripps Institution of OceanograPhy,UniT-
versity of California, San Diego, La Jolla, CA 92093.
The sea urchin egg of S. purpuratus is surrounded by an
extracellular coat, the egg jelly layer, composed of several
high molecular weight glycoproteins which adhere tightly, yet
noncovalently, to an elongated fucose-sulfate polymer. When
sDerm contact the jelly layer, ligand(s) in the jelly activate
the acrosome reaction (AR). Former studies of egg jelly
attempted to fractionate ligand molecule(s) which induce the
AR but never successfully removed all the intact glycoproteins
from the fucose-sulfate polymer because of the tenacity of the
glycoprotein-fucan interaction. Ligand activity has thus been
attributed to a fucose-sulfate "glycoconjugate." Our exper-
iments demonstrate that a glycoprotein fraction possesses activ-
ity to induce the AR and that It can be fractionated completely
away from the fucose-sulfate polymer which by itself is inactive
. Egg jelly components were fractionated on a Sephacryl-500
column equilibrated in Zwittergent 3-10, EDTA, and sodium sul-
fite to reduce disulfide bonds. Glycoproteins were detected
on silver stained 5% SDS-PAGE gels and deduced to contain N-
linked oligosaccharides by molecular weight shifts after PNGase-
F treatment and by HPAE-PAD carbohydrate compositional analysis.
The fucose-sulfate polymer was shown to be pure fucose polymer
by silver stained 5% SDS-PAGE and by HPAE-PAD carbohydrate
analysis. Only the glycoprotein fraction had AR inducing
activity.
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Molecular Cloning of a 63KDa Sea Urchin Snerm Membrane Protein and its
Potential Role in Acrosome Reaction Induction L1. Mendo7a and,Y.
Vacu1er, Marine Biology Research Division, Scripps Institution of
Oceanography, University of California, San Diego, La Jolla, CA 92093-
0202.
The acrosome reaction (AR) of the sea urchin Strongylocentrotus
purpuratus is tnduced by ligands in the egg jelly (EJ). EJ receptors on the
sperm surface mediate signal transduction resulting in an alkalinization of
lntracellular pH and an influx of Ca2*, both of which are required for AR
induction. Several sperm membrane proteins Including the 63KDa protein
are candidates for the role of receptor(s) for EJ ligands. Several cDNA clones
coding for the 63KDa protein yielded an open reading frame of 512 amino
acids containing a signal sequence at the amino terminus and a signal for
glycosyl phosphatidylinositol (GPI) anchor attachment at the carboxy
terminus. Digestion of 1251-spermatozoa with a phosphatidyl lnositol
specific phospholipase C released the 63KDa protein from the cell surface.
Comparison of the 63KDa deduced amino acid sequence with the protein
sequence database revealed homology to human uromodulin as well as EGF-
like domains homologous to Drosophila Notch and Xenopus Xotch proteins.
GPI-anchored proteins have been implicated in a novel signalling pathway in
both insulin and nerve growth factor signalling. The 63KDa protein of sea
urchin spermatozoa might act as an EJ receptor involved in transduction of a
signal vta this novel pathway.
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l Ex~~in the Marhre ahri aWa Jngwis . H. Wk amwwae
ad W,H. Cbk Jr.. Unversity of Calornia, Bodea Maine Laboratory, Bodea Bay,
Ca 94923.
Primary sperm-egg binding in Skyonna Ingertstakes place between the tip of the
sperrms anterior appendage and the eggs vitelline envebpe (VE), and follbwed by
acroomal exocytosis. Isoied VEs, which rtain the abity to bind sperm and
induce acrosomal exocytosis were used to chaaterize prinary sperm binding activity
asome reacon nducing actviy (ARIA). A competiton assay was used to
evalute sperm binding activy of VEs, where sperm were preinoubaed with
solubized VE componerns that were subjected to various treatmernt and then
incubated wih fixed eggs. Deglycosylatlon of sohibiized VE components aboNshed
sperm biding activity, whie extenose proteolysis did not, iniating a role for
carbohydrate mobtles In sperm bin to VEs. Preicubation of sperm wth a 215kD
VE component eletroelded from SDS-PAGE geis Inhbied their subequert
biding to eggs. Egg water (EW), which contains the solubikzed VE component with
ARIA, was used for purification of the iducig factor. An EW fracon that containd a
19OkD and 58kD complex appeared to possess ARIA Pteolyist of this complex led
to loss of ARIA, suggesing that the polypdde backbone was necessary for
inducton of the AR. When sperm pre bate with solubilized VEs were probed
wih an anxb dto whole VEs. bcalatlon was onry seen on the tip of the anterior
append. Similarly, when sperm were proincubeled with the ectin Con-A,
ocalzatlon was only seen at the tip of the appendage. Presncb of sperm with
Con-A nhbed primary sperm bnding to eggs and the EW-duced AR suggesting
that Con-A was biding to the rceptor imoived In prbiy binding and/or signablig for
the AR. A spermn tran ftacton obtaInod usg TrIon-X 114 and ectin affinty
dchreoatoraphy, hibited the EW-indused AR In a competitive assay. Protein blots
Of fraction pobed with Con-A showed a single band of 7OkD; this glycopIeln is
presumabl involvd In exocylosis. Supportd by USDA grant 687 CACR-1-2514
and Caiomia Sea Grat #NAA5M-D-SG140.
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Analysis of the Sperm Binding Domain of the Sea Urchin Egg Receltor for Sperm.
K.R. Foltz and W.J Lmnnarz. Department of Biochemistry and Cell Biology, SUNY at
Stony Brook, Stony Brook, NY 11794.
The sea urchin (S. purpuratus) egg receptor for sperm is a glycosylated, -350
kDa protein on the egg surface. Both biochemical and sequence analyses suggest
that the receptor is a transmembrane protein. An extracellular 7OkDa proteolytic
fragment of the receptor binds to sperm; antiserum raised against this glyco-
sylated fragment blocks sperm binding. Sequence analysis suggests that the extra-
cellular region consists of three major domains: a central domain with structural
similarity to the hsp7O peptide binding groove is bound on one side by the N-
terminal domain and on the other by a domain of extended a-helicity. This a-
helical domain may be 0-glycosylated and thereby faciltate the extension of the
receptor through the vitelline layer. To determine the structure-function
relationship of the three major domains, portions of the receptor were expressed
in glutathione-S-transferase vectors. The fusion proteins were purified and tested
for the ability to inhibit fertilization. A fusion protein including the hsp7O-like
domain and a portion of the a-helical domain (GST45A) bound to sperm. Fusion
proteins representing the N-terminal, the hsp7O-like or the a-helical domains
alone did not bind to sperm. The fusion proteins also were used to affinity-purify
the polyclonal anti-70K serum. The affinity-purified antibodies were tested for
the ability to block sperm binding to eggs. Only the antibodies purified with the
GST45A fusion protein blocked sperm binding. In agreement with peptide sequence
data, these results indicate that the 7OkDa fragment includes portions of both the
hsp7o-like and a-helical domains. Currently, we are testing smaller fusion
proteins and determining their ability to bind to purified bindin. Although mono-
clonal antibody studies and heterologous expression studies in other species are
required to define precisely the sperm binding domain, the results described here
have allowed us to focus on a specific region of the sperm receptor. Supported by




Is Fertilization a Muiti-steg Adhesion Event invoMng Integrins and a
97kD Protein on the Egg? M. Siebert. R. Wylie. S. Gehibach. A.
Sutherland and P. Calarco. Anatomy Department, University of
California, San Francisco, CA 94143
The egg molecules which bind sperm have not been
characterized in any vertebrate species. Recent work on guinea pig
sperm (Blobel et al., 1992), however, suggests that integrins may be
involved. Using a mouse model system, we have determined that
at least two integrins are present on the surface of the unfertilized
egg (a6l, c5) and that integrins are removed from the egg surface
by acid Tyrodes. Using an antibody raised against zona-free
unfertilized eggs (A-UE) we identify a prominent 97 kD surface
protein (p97) on mouse eggs which absorption demonstrates is MQI
an integrin. A-UE reactivity is not removed by acid tyrodes. 2-D
gels suggest p97 is modified after fertilization. A-UE decreases
sperm binding in an in vitro fertilization assay (IVF) and preliminary
data suggest that A-UE and integrin antibodies are additive in their
effects on IVF. The presence of more than one type of adhesion
molecule could explain why immature mouse oocytes bind, but do
not fuse with, sperm. Data available lead us to the working
hypothesis that fertilization is a multistep adhesion event with first a
weak binding event (mediated by p97) at the egg surface, foliowed
by a strong integrin-mediated adhesion event which eventually
leads to fusion. (NSF DCB-8916558)
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Exosion and Ccterization of rabbit S5Kd Zona Pollucida roein in Baculovins
io omia Sys&L S.V.Pnjsd. and BSLDunar Department of Cell Biology, Baylor
Collep of Medicine, Housto, TX 77030.
Ihe zom peflucida (ZP) is a unique extreiular matrix that srrounds the eg of
all ma alian species. he glycoproteins of the ZP exhibit xtrem heterogeneity in both
charg and molecular weight due to varying doegros of post trnslatio modificaios,
partiuary glycosylto In order to undertand the structefuction redaionip of the
oligoscchrides, we have exprmd one of the rbbit ZP cDNAs-rc55 that codes the SSKd
ZP protein in a Baculovirus protein expresion qstem. Briefly, the 1.7Kb full langth cDNA
including the signal peptido wa subclooed into the plamid tnsfr vector PVL 1393 in
order to obtea a non fusion protoin ad bmrnfcted along with linear AcMNPV wild type
DNA into 59 imect cdll. ITh SSKd ZP protein wes detected in the cell md not in the
culture madia by immunoblot nyal ITh expresd protoin is regiad by gui pig
antisum to 2-D PAGE purified abbit SSKd protein as woll by rbbit antserum to pig
ZP proteins. lTe expressed protein migrate as two distinct forms ofMr 70K and 85K when
analyzed by both l-D and 2-D PAGE. Th expsed protein is more baic compued to tho
native ZP protein as revealed by 2-D PAGE analysis. In order to characteize the naur ad
degr of'glycosylation, ZP S5Kd recombinant protein wu probed with biotinyblted lcti
folowing transfer of l-D PAGE ges to PVDF membes. exprasd
55K ZP protn has core umnose and N-cetyl glucomine oli i structws as
evidenced by the binding of Conanvalin A and Wheat Germ Aglutini ad does not
appear to have N-acetyl suctus indicated by the lack of binding of
Peanut Aglutininwhich is similar to the glycosylation of the native rabbit ZP protein. This
glycosylatd recombinant protein dould be useful not only in detemining the role of 5SKd
ZP protein in the fertilization process but should also enbanco the i ecity of this
proten which is being tested as a vaccine.
This work supported by a grant to B.D. by the CONRAD Program
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A Thick Er,ahr MatrIx Is Prmrt In the Perieline Space Soundina
Urftertzed Rabbit Ooyt. P. Da and P. Talbd. Dept d ObGyn.,
Univ. of CA., San Franciso, CA and Dept. d Blol., Universy of CA,
Riveride, CA.
The perivekine space (PVS) of several nma cortaln a
granuWleime matrix composed d protein and hyauronic acid. The purpose
d the present dudy was to determine I the PVS of rabbit oocytes contains a
siia matr Rabbit oocytes In uexpanded cumulu masses were aspirated
from ovaelti ovwie and matured for 24 houra kibh3inHams F-10
mediumcofnt ng 50% human serum. After cumulu expansion and extsion
d the firs polar body, oocyte cumulus complx were washed In Harrs F-b0
medum and fbied for elebron nicr y hi the presence d nrgenlm red
uing prvIuly dscrbed methods (An.J. Anat. 174:33). Thin sedlons were
examined usahied uing a Phhilp 300 tras son eleton micrscope.
Three d four oocytes posesd a weal debped PVS with a thick
e Ilular m compdsed o granuls and filaments. The granes
nmasured 56nm in damtder, while the filaets were 4.9m thick. The
exaceilar mrk of the rabbit PV8 resbs the hyaluronic acid containing
matix beween cmuhk and corona radia coils In rabbis and the matrces
hat have been rpored hi the PVS of um , hamster, mous, pig, and
human oocytes. However, the g l matri was much thicker(O.Surn) and more weal developed hI the rabbit PVS than In any of the other
spees, exoept o m The thick coat presn i the rabbit PV8 suggeds a
role for perm hyaonda at the level d the PVS and mny explain why
numrous spenr enter fte PVS durig felzaton hI rabbit. Hyakuxridase
ma be neceaaay to degrade the graue/flament matrix th b alowing
occurnce of gamete membra fusion.
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Cloning and Sequencing of the Rabbit Sperm Zona Binding Protein.
RSA-3: Presence of a Sufate Binding Region. R.T.Richardson and
M.G.ORand, Department of Cell Biology & Anatomy, University of North
Carolina at Chapel Hill, Chapel Hill, NC 27599.
The rabbit sperm autoantigen, RSA, is a family of four low molecular
glycoproteins (RSA-1,2,3,4: 14K,16K,17K,18K) which function as high
affinity (5.6x10-13M) zona binding proteins by binding sulfated, complex
carbohydrates. Present on mouse, human and rabbit spermatozoa,
these molecules essentially glue the sperm to the zona. In this study a
polyclonal antiserum (pAb) was made to purified and aggregated RSA
to screen a rabbit seminiferous tubule Xgtl1 cDNA library. A 451bp
clone, SR-1, was found and used to rescreen the library for additional
clones enabling the construction of two consensus sequences of
1 128bp and 829bp, identical except for the 5' untranslated end and both
encoding an identical 146 aa protein of 16,891 Daitons. Northern blot
analysis revealed two mRNAs of 0.9 and 1.1 kb. A fusion protein (fp) of
136 aa was produced from SR-1 and used on a Western blot to produce
epitope selected antibodies (esAb) to RSA by high salt elution of pAb
from the blot. esAb recognized only RSA-3 (17K) of the RSA family. Anti-
RSA fp recognized RSA-3 and an additional band of 25K in rabbit testis
and sperm. Immuno-localization with esAb gave the typical RSA pattem.
ELISA using bound zona pellucida, dextran sulfate or fucoidan and fp as
ligand indicated strong sulfate binding. A putative sulfate binding site
has been identified within the RSA-3 sequence. Supported by HD 14232.
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Antvsis of snecin sha d zon nettucidc CZP) antims. B.Iitkins. C.A. VandeVoorti,
V. Lee, 5. Nc Androw and B.S.Durbar.. Dcpt. Cetl Sielotgy BayLor Cottege of
Nsdicine, Nourton, Tas 77030 id lCatifornia Sgieonst Prits Seseerch Centre,
University of California, Davis, CaLifornia.
The ZP. an extraceLtutar mtrix surrounding m_mmatian oocytes, is a criticet site of
interaction between rm and the oocyts during fsrtiLization. As such it is a
potential target site for the deveLopmant of effective i.naocontracsptive vaccines.
The site of prisry interaction betwn the sperm and oocyte in the souse has ben
defined, and is a carbohydrate moisty tocated en the ZP3 protein backbone. owever in
other epacies incLuding the rabit, pig, and hwun both carbohydrate nd protein have
ben impticated in this interaction. We have cloned the gens for the rabbit 55kD
75kD proteins. Sequence natysis indicates that the 75kD protein is the rabbit
hoatogu of the mouse ZP2 protein; the 55kD protein is unique mong the ZP genes
ctoned to date. We hae expressed these gn as recombinant proteins in E. coi nd
have tested thm in jn vitro sperm binding assay. The 55kD nd not the 75kD
recombinant protein appears to be capabte of binding sperm in this assay. We used
these recoabinant proteins to is,nize Cynomotg monkeys nd demstrate that sere
genrated In this mennr recognize the native rabbit ZP. The sera were tested for
their ability to block the binding of monkey sperm to the hmotogou ZP in vitro
Antisera genrated against the 55kD recodbinant btocked sperm binding ohile antisera
gerated against the 75kd recombinant did not. The sass resuLts were obtained with
thes sera when rabbit sperm nd ova were used in the sperm binding assay.
Furthermore, a monsecific potyclonat antiserum ganratad ageinst purified rabbit
55kD protein atso btocks the binding of rabbit perm to the homotogous ZP. These
results are interesting in that they suggest that in both the rabbit nd primte
modet sperm -ZP interaction my be mediated by a unique ZP protein, in a proces
which dos not require cerbohydrate. In addition, the N-termint emino acid sequnme
of the protein iqpticeted in sperm binding in the pig, ZP3-beta, has a high degree
of similarity with an internat region of the rabbit 55kD protein. We have used
primers derived frm the rabbit 55kd protein sequnce in the poLywrrse chain
rection to demonstrate the prsence of retated sequemnces in both pig and huan cOA
Libraries. These data indicate that further studies are warranted to better defins
the noture of sper-ZP interaction in non-rodent species.
Supported by a grant to B.S.D. and C.A.V. fres CONSD. B. Nc A. is supported by an
ASCB Suomer Fellowship for high schoot teachers.
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Isolation of Phospholipase C Enzyme from Ascidian
Egg . C .A Goode*, A.J Gamboaf., H. Pham*, and C.C,
LambertI. Department of Chemistry and Biochemistry*,
and Department of Biology#, California State
University, Fullerton, CA 92634. (Spon. R.A. Koch.)
We have previously hypothesized that the block to
polyspermy in ascidians involves the release of
membrane bound N-acetylglucosaminidase which appears
in the supernatant within 15 seconds after
fertilization. The enzyme can also be released from
the eggs' surface in vittro using a glycan-
phosphatidylinositol specific phospholipase C (GPI-
PLC) suggesting that the glycosidase is covalently
linked to the membrane surface via a
phosphatidylinositol lipid. We have used detergent
solubilization and low pressure ion-exchange
chromatography to isolate the PLC from As idia
neratodes. PLC activity was monitored using a
fluorescent assay that we developed. Labelling of
eggs with NHS iminobiotin, an impermeant
biotinylating reagent, followed by binding to avidin,
indicates that up to 25% of the total PLC activity is
on the egg surface and thus would be capable of
releasing the glycosidase. In addition there is an
increase in PLC activity upon activation of the eggs
with ionomycin (a Ca2+ ionophore which simulates the
fertilization process).




Alpha Amylase Prevents Fertilization Membranes in Sea Urchin Eggs:
A Comparative Study on Sugar Receptors. S.B. Oppenheimer C.M.
Garcia, V.H. Latham, C.L. Hockman, H. Abdulla, M. Abdulla, H. Chun,
M.L. Oppenheimer, S.P. West, K. Elnaka, M.R. de Leon, S. Codron, J.
Poast, J. Stonavska and S. Bandarizadeh, Department of Biology and
Center for Cancer and Developmental Biology, California State
University, Northridge, Northridge, CA 91330.
Alpha amylase (Sigma A-6380, 200 units/ml eggs in sea water) treat-
ed (30 min, 20 C) and washed Lytechinus pictus eggs, like dithiothreitol
(DTT) treated eggs, did not form fertilization membranes but cleaved.
This effect was blocked by alpha amylase inhibitor (Sigma A-3410, 700
units/ml). Both treatments of L. pictus eggs also permitted fertilization
with Strongylocentrotus purpuratus sperm, when sperm were incubated
with eggs for 2 minutes and removed. Alpha amylase treated, DTT
treated and untreated de-jellied L.pictus eggs bound strongly and consis-
tently to Dolichos biflorus derivatized agarose beads (Sigma), bound
less strongly and consistently to others and not at all to a third group of
lectin derivatized agarose beads, suggesting that normal surface sugar
receptors are preserved by the two treatments. Fertilization of untreat-
ed de-jellied L. pictus eggs and de-jellied eggs treated in the two ways
described, was inhibitedby 0.04mg/ml succinyl concanavalin A, an effect
that was blocked by 0.1 M alpha methyl glucose. The results indicate
that the two treatments described, that presumably remove or alter the
vitelline layer, preserve egg surface sugar receptors that may function
in sperm-egg binding at the plasma membrane level (supported by grants
and fellowships from NIH MARC, DOE AWU MAERC, NSF, Thomas
Eckstrom Trust, Joseph Drown Foundation, California Foundation for
Biochemical Research, IISME and California State University, North-
ridge).
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Time Course of Cortical Granule Exocvtosis at Fertilization in Hamster Eqos
Determined by Measurement of Membrane Caeacitance. D. Kline and
J. Stewart-Savage. Department of Biological Sdences, Kent State
University, Kent, OH 44242 and Department of Biological Sciences,
University of New Orleans, New Orleans, LA 70148.
Addition of plasma membrane during cortical granule exocytosis was
continuously monitored by injecting a 375 Hz sinusoidal current, measuring
the resultant AC voitage using a phase-sensitive lock-in ampiffier, and
calculafing the capacitance. Simuitaneously, the membrane potential was
recorded to show the hyperpolarizing responses (HRs) caused by intracellu-
lar Cae transients and a Ca2-activated K conductance (Igusa and Miya-
zaki, 1986, J. Physlol. 377 193). The membrane capacitance of unferil-
ized eggs averaged 736 ± 44 pF (n=7). The membrane capacitance began
to increase within 4 sec after the start of the first HR and rose to the highest
level in 7-13 sec. The average increase was 61 ± 19 pF (range 27 to 90
pF) or an increase in capacitance of 7.6 ± 2.2% of the unfertilized egg. A
period of endocytosis was indicated by a decrease in capacitance beginning
soon after the peak was reached. In 5/7 eggs, the capaciance retumed to
the unfertilized level in 2 to 14 min and then stayed the same or gradually
decreased to a stable level somewhat lower than the capacitance of the
unfertlized egg. Superimposed on this gradual decrease in capacitance
were small increases (3-21 pF) in capacitance that followed immediately
after the second and, in same cases, the third and later HRs. In 217 eggs,
the capadtance did not return to the pre-fertiltion level. These results
indicate that most membrane addition from cortical granule exocytosis in the
hamster egg is during the first Cae transient. Some additional exocytosis
occurs during the next several Ca!+ transients, usually during a period of
endocytosis. Supported by NIH grant HD 26032.
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Development of polyspermic cow ygotes after multiple sperm aster
formation. C.Pinto-Correia. C.Long R.T. Duby and J.M.RobL Department
of Veterinary and Animal Sciences, University of Massachusetts, Amherst,
MA 01003. Spon. David Gross.
The mechanisms of parental centrosome inheritance and the roles of
sperm asters after fertilization appear to vary considerably among mammals.
We recently described the formation of conspicuous sperm asters in the cow
and their potential implications as paternal centrosomal sources in ensuing
developmental events. In this study we analyze the formation of multiple
sperm asters in polyspermic cow zygotes. The asters vary widely in number
and morphology. They are consistently associated with sperm tails, but can
become totally dissociated from the sperm heads. Maternal chromatin and
mitotic structures tend to be discarded in these cells, which resume
development as androgenotes. Several sperm heads and asters can converge
to form one single spindle at first cleavage, but these spindles can also
coexist with a variety of other chromatin and microtubule configurations
within the same egg. Nevertheless, development is seen to proceed through
at least two more cell cycles. In these cases all of the chromatin and
microtubule structureswhich were not incorporated in the metaphase spindle
seem to be segregated to only one of the resulting blastomeres. These
observations indicate that sperm aster formation is in fact associated with
centrosomal activity, that several centrosomes may be active at the same
time in the egg, and that mammalian centrosomes and nuclei under aberrant
conditions, are able to reorganize themselves in a way which allows
development to continue.
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Ultrastructure of Proteoliaisin andOv q nidasefTwo Compnts of
the Sea Urchin Ferlization Envelope. N.M. MozingQ, C.E. Somers*
and D.E. Chandler, Department of Zoology, Arizona State University,
Tempe, AZ 85287 and *Department of Medicine, University of
Wisconsin, Madison WI 53706.
Fertilization of sea urchin eggs leads to the assembly and
covalent cross-linking of an extracellular matrix, the fertilization
envelope (FE). The first step in FE assembly is elevation of the vitelline
scaffold and assimilation of cortical granule secretions into this
structure. The nascent FE is a fragile structure which can be readily
dissolved in divalent cation-depleted solutions. In contrast, the
completed FE is remarkably resistent to disruption by chemical,
mechanical and enzymatic treatments as consequence of covalent cross-
linking. Ovoperoxidase (OVO) is the enzyme responsible for cross-
linking the FE by catalyzing the formation of dityrosine residues. OVO
cannot bind directly to the nascent FE, instead it is anchored via a
divalent cation-dependent interaction with an intermediary protein,
proteoliaisin (PLN). In this study we examined the structure of these
two macromolecules as they appear in rotary-shadowed Pt replicas.
OVO molecules appear as uniformly-sized globular particles
approximately 14 nm in diameter. PLN molecules were more
heterogenous in size appearing as discrete rod-like molecules ranging
from 90-450 nm in length. Preliminary evidence suggests that PLN
morphology is altered by low concentrations of Ca". Since we now
know the macromolecular structure of PLN and that exogenously
applied PLN binds to the surface of unfertilized eggs, our next objective
will be to use immuno-electron microscopy to localize PLN binding
sites on the vitelline layer. Supported by NSF grant IBN-9117509.
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Ultrastructural Changes in the Sea Urchin Ferdlization Envelope during
Hatching. N.M. MozingQ, LHoLIar and D.E. Chandler. Department of
Zoology, Arizona State University, Tempe, AZ 85287.
The sea urchin fertlization envelope (FE) is a complex
extracellular matrix which is assembled at fertlization to guard against
polyspermy and protect the fragile embryo until the ciliated blastula
stage when the FE is dismantled by an embryo-derived hatching
enzyme. The completed FE is a trilaminar structure consisting of a
dense, central layer sandwiched between surface coats of paracrystalline
material. Previously we have shown that the enzyme ovoperoxidase
participates in the assembly process by cross-linking paracrystalline
material into the vitelline scaffold. In this study we examined the
changes in FE ultrastructure effected by hatching enzyme using quick-
freeze, deep-etch, rotary-shadowing and thin-sectioning. During
hatching, secretion of the proteolytic hatching enzyme progressively
weakens the FE allowing the beating cilia to initiate tears in the
envelope. We found that FE weakening is accompanied by degradation
of the paracrystailine layers and removal of macromolecules from the
central layer leaving behind a thin, fibrous structure resembling a
vitelline layer which has elevated off the egg surface but has not been
modified by cortical granule secretions. FE disassembly by hatching
enzyme appears to parallel the assembly process in the following way.
During FE assembly proteins derived from cortical granules are cross-
linked into the viteiline scaffold by ovoperoxidase and it appears that
some of these same proteins are targeted for removal by hatching
enzyme. Supported by NSF grant IBN-9117509.
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SRerm Aster Microtubules in Cow Eggs during
Fertilization and PolysRermy. and Disarrayed
Microtubules durinca Parthenogenesis: Evidence for
Paternal Centrosome Inheritance in Cows. C.S. Navara,
N.First2 and G.Schatten'. Cell and Molecular Biology,
'Zoology and `Animal Science, Univ. of Wisconsin,
Madison, WI 53706.
Microtubule detection in cow eggs throughout
fertilization and mitosis demonstrates that the
centrosome is of paternal origin, a surprising finding
since rodent studies suggest a maternal inheritance
pattern. Polyspermic eggs have sperm asters in
association with each sperm nucleus whereas
parthenogenetically activated oocytes display a
dissarrayed cytoplasmic microtubule network. No
microtubule organizing material is seen in the mature
oocyte except in the metaphase II arrested meiotic
spindle. Immediately after fertilization, a
microtubule aster forms associated with the
decondensing sperm head. At prometaphase the
microtubule aster abruptly collapses around the
condensing chromosomes forming an anastral mitotic
spindle with tightly focused spindle poles. At
anaphase astral microtubules rapidly assemble, and by
telophase large asters are associated with each
nucleus. Parthenotes are able to form bipolar
spindles and complete mitosis and cytokinesis. These
results demonstrate paternal inheritance of the





Two Conditions Needed for Male Pronuclear Formation In the Sea
Urchin Revealed by Microinjection of Sperm Nuclei into Eggs and
Qoyt8. C.C. Cothren, K E. Hardiman and Q.1-Poocia, Department of
Biology, Amherst College, Amherst, MA 01002
We have developed a system for microinjection of sea urchin
sperm nuclei into live eggs and oocytes in order to study conditions
which are required for pronuclear development. The nuclei faithfully
reflect the ability of the egg cytoplasm to decondense sperm chromatin
as deduced from fertilization experiments. The system bypasses surface
events that result in egg activation. Isolated nuclei injected into fertilized
eggs swell and transform to male pronuclei like the endogenous male
nuclei. Nuclei injected into vitellogenic oocytes remain conical like the
fertilizing nuclei. However, nuclei injected into unfertilized, unacdvated
eggs undergo incomplete decondensation and fail to form pronuclei. If
the eggs are partially activated by raising internal pH with ammonia,
nuclei will complete pronuclear development. Increasing intemal pH or
Ca" do not cause nuclear swelling in oocytes.These experiments
reveal two conditions necessary for pronuclear formation. The first
condition, resulting in partial decondensation, develops during meiotic
maturation and can be blocked by 6-dimethylaminopurine (6-DMAP).
The second requires cytoplasmic alkalinization, but not the fertilization
induced internal Ca" increase or. inositol triphosphate pathway
activation.
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Parti Purification of a 185kDa Protein Tyosine Kinase from the Se a Urchin Egg
Cortex. W.H. Klnsey Department of Anatomy and Coli Biology, University of
Kansas Medical Center, Kansas City, KS 66160. (Spon. by R.C. De Lil.)
Fertilization results in the activation a protein tyrosine kinase resLiting hI
phosphoryation of a high molecular weight egg cortex protein wkhin minutes of
spem-egg fusion. Previous work in this laboratory has demonstrated that this
phosphoryon event is regulated by a Na*/H* antport driven, alkaline shift in
cytopismic pH and we have proposed that this kinase may act as a pH sensive
transducer. Egg cortex prep are higiy enrched in a protein tyrosine
kInese activty exhibits marked pH eity hI vitro. Solubilization studies
reved that this idnase exists in a high molecuar weight complex with a 350 -
500kDa protein which it wil phosphorlate under certain conditions in vitro.
Nonethelesa, substantial purffcaton ofthe idnasewasachieved bychrotography
on a sepharose CI-OB column. Analysis of tyrosine specific kInase activity using
a synthetic peptide substrate reveaed that the activty eiuted in the void volume.
This was folowed by purificaon over DEAE ceiluLiose and carboxymnthyl
sephadex Subsequent chromatogmphy over Cibacron Blue Sephadex
(Pharmacia) resulted In further puricaon as wel as a 30 - 50% actvation of kinse
activity, possibly due to removal of an inhibitor. Autophosphoryhation studies on
the partilly purified enzyme revealed a single 185kDa P-Tyr oontahning protein
suggesting that the kinase is of this molecular weight. However, when purifid hI
the presence of 10mM Mg++, the enzyme wi also phosphorykdt the high
molecular weight protein with which it appears to be complexed. This purifcation
protocol resulted in a 2,400 fold enrichment In specfic activity with recovery of
nanogram levels of protein from 10 - 12g egg protein. This pr In Is largely
free of contaminating protein kinases and phosphatases and shotud be useful in the
characterization of this enzyme.
Analysis of Protein Kinase C in the Sea Urchin. T.L. Rakow,
E.K. VanDePol, and S.S. Shen, Department of Zoology and
Genetics, Iowa State University, Ames, IA 50011-3223.
Protein kinase C (PKC) has important functions in the
early development of the+sen urchin embryo. Studies have shown
PKC regulation of the Na -H antiporter and of an oxidase
responsible for the respiratory burst during fertilization.
Biochemical characterization of partially purified PKC from sea
urchin eggs has shown the enzyme activity to be phosphatidyl-
serine-dependent, stimulated by calcium, 1,2-diacylglycerol and
phorbol diesters, and inhibited by the pseudosubstrate peptide.
Studies using sea urchin eggs have indicated the possibility of
different isozymes of PKC, which may be structurally different
from those described in mammalian systems. Further biochemical
purification by affinity chromatography of the PKC isozymes has
been unsuccessful with the loss of kinase activity. In order to
characterize substrate specificity of sea urchin PKC isozymes
and their developmental expression, a library screen has been
conducted to clone PKC isozymes from a Lytechinus pictus ovary
tissue cDNA library. One clone has been recovered from the
screen and preliminary sequence analysis has shown homology to
the PKC family, in particular the Ca +-dependent isozymes.
Despite the similarities to the Ca2+-dependent isozymes, this
sea urchin isozyme does not have an a, B or y specific sequence
located within the V3 region of the proposed translation
product of the clone. Additional clones from the screen are
being analyzed to find other isozymes.
Supported by National Science Foundation grant DCB 89-03837.
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Fertilizaton Induced Activation od TvosIe Protein Khimse(s) Associated with Egg
Cytoskeleton. KL Shartzer. G. Walker. DR. Bu W.H. Inse
Department of Anatomy and Ceil Biology, University of Kansas Medical Center,
Kansas City, KS 66160, 'Department cf Biological Science, University of Pittsburgh,
Pittsburgh, PA 15260.
Fertilization is known to resauit in the activation of one or more tyrosine
kinases. Previous work In several systems has shown that phosphotyrosine
containing proteins are tighty associated with cytoskeleton components, and more
recentiy, specific tyrosine kinases have been shown to become associated with
cytoskeleton in response to mitogenic stimul. As an example, c-abl binds to actin
through an Interaction with the SH3 domain. The objective of this study was to
determine whether fertilization Induced activation a tyrosine kinase associated
with the egg cytoskeleton. Detergent Insoluble cortical actin cytoskeletons were
prepared from sea urchin eggs at different times after fertilization and assayed for
tyrosine kinase activity using a synthetic peptide substrate. Cytoskeleton
associated tyrosine kinase activity was found to increase 2 - 3 fold during the first
15 minutes after fertilization. In vitro phosphorylatlon studies were done to
determine which proteins could act as substrates for this kinase activity. The
predominant proteins phosphorylated by this kinase activity were 19OkDa and
8OkDa. As observed in the kinase assays using a synthetic peptide substrate, in
vitro phosphorylation of the endogenous 190kDa and 6OkDa Increased substantially
In response to fertiization. The level of phosphorylation of the 190kDa protein was
found to increase 7 fold within the first 15 minutes of fertilization and 2 fold for the
80kDa protein. Results of this study raise the possibility that the cytoskeleton may
provide an organizing structure for tyrosine kinase(s) Invoived in signal transduction
during fertilization.
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Protein kinase C acts in concert with calcium to mediate mammalian
egg activation. G.I. Gallicano. S.M. Schwarz. R.W. McGaughey. andD.G. CaDco. Molecular and Cellular Biology/Zoology, Arizona State
University, Tempe, Arizona 85287-1501.
We investigated the signal transduction pathways that mediate
activation of hamster eggs. Under conditions in which the level of
intracellular free calcium ([Ca21 is clamped low, activation of protein
kinase C (PKC) can induce second polar body formation, reformation
of the nuclear envelope and decondensation of chromatin, as well as
golgi reformation. However, calcium is necessary for normal
metaphase 11 to anaphase 11 transition. Under conditions in which the
level of activity of PKC is clamped low, induction of a rise in [Ca21,
using the calcium ionophore A23187, will not induce egg activation.
These results strongly suggest that PKC acts after the calcium signal
as a proximal inducer of egg activation. Second polar body emission
as a response to application of PKC stimulators has not been
reported by other investigators, however, we show here that PKC
stimulators initially induce emission but longer cufture results in
absorption of polar bodies. Our resuits suggest that the rise in
[Ca2lI serves two function, to activate PKC and to induce the
metaphase 11 to anaphase if transition. PKC, once activated, then
mediates many of the egg activation events. Supported by NIH
grants HD27151 and HD23686 and by a grantfrom Samaritan Health
Services.
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Differential Initiation of Glycosidase Release and Meiosis during the
Activation of Ascidian Eggs. C.C. Lambert and K.M. Miller, Depart-
ment of Biology, California State University, Fullerton, CA 92634.
During fertilization or ionophore induced activation, ascidian eggs
rapidly release cell surface N-acetyl glucosaminidase activity used in
the block against polyspermy and re-initiate meiosis. The egg remains
at first metaphase until fertilization. To better understand the activa-
tion process, we probed the relationship between these two processes
in Ascidia ceratodes eggs by activating with different agents that in-
crease intracellular Ca levels and under different ionic conditions.
Glycosidase activity was followed using a fluorogenic substrate and the
initiation of meiosis was followed by examining changes in cell shape in
the microscope. The calcium ionophore ionomycin (1.5pM) initiates
glycosidase release and meiosis when administered in complete sea
water (SW) but meiosis without glycosidase release in Ca' free SW.
Similarly, in low sodium SW (150 mM Na+), glycosidase release is cur-
tailed but meiosis is completed. Thapsigargin (4 yM), a drug that raises
free intracellular Ca+ in a number of cell types by release from the
endoplasmic reticulum, caused glycosidase release but failed to initiate
meiosis in complete SW. These experiments show that although glyco-
sidase release normally precedes the ooplasmic shape changes that
accompany the resumption of meiosis in ascidian eggs, they are not
obligately coupled. That both processes can be induced by treatments
that raise intracellular Ca+ but under different conditions indicate
that there may be a multiplicity of Ca+ requiring but functionally





Mhm Snerm-Triered Ca" Wave in Fros Es Is Blocked by a Moleclar InA(.4.5)P
Son. Richad Nucciteili. Darlene L Yim. Tanya Smat. Teiichi Furuicdi and Kasuhik
Mibwhla~Zoolo Depatment, University of Califomria Davis, CA 95616.
A nsie iae in (Ca], fertlizaon iall egp that have bee
studied. How the sperm triggers this Cae wave is not yet understood, but we present
evidence here that in frog egs the hydrolysi of the egg membane lipid,
phosphatidylinositol.54bsphosphate (PIP2) is an integral component of this mechanism
We have microinjected either 3 kD heparin or the cytoplasmic domain of the Ins(1,4,5)P3
receptor (moleclar ns(1,4,S)P3 sponge),12217, into mare,jelly-coated eggs of Xenopus
krvwi. Both sub aces reduce sperm-induced egg activaio in a manner that is linealy
popoiona to their final nI in the egg. 130 pM heparin blocks eU acdvation
in 100% of fertilized egs and thse egp are always polyspermic as indicated by Hoecbst
dye fluorescence. Multiple lcalized circur regikos of increased [CC], reaching about
0.8 pM (hot spots) are observed in these eggs foUlowing sperm addition. The molecular
Ins(l,4,5)P, sponge, T2217, also blocks Cae wave inimaon and propagaton but at a much
lower concrai 0.5 pM T2217 completely blocks activation but stil allows multiple
Cab 'hot spots" and polyspermy; 0.75 pM T2217 blocks all such Ce incrass.
PreteamentofT2217 with Ins(i,4,5)P3 saturates the sponge and renders it unable to block
activation folowing micrinjection into the egg. Based on these observations, the sperm
might be activating the egg either by inroducing Ins(1,4,5)P, or by trigering the
hydrolysis of egg membrane PIP2. To distinguish between these possibilities, we
microinjected of 0.2 pM of the monoclonal PIP2 antibody, kt3g, into the egg two hrs
pior to fertilization. Tis antibody greaty inhibits PIP2 hydrolysis and also reduced
sperm-induced egg acdvaion by 70%, implying that the hydrolysis of eg membrne PIP2
is required for eU activation rather than simply the introduction of Ins(1,4.5)P, from the
spenn. These eggs can also be activated 90% of the time by the injection of 4.2 nl of
buffered Cab soludons (2 pM). Such injecdons are rendered ineffective by the presence
of 0.5 pM T2217, suggesting tha even Cae-induced egg activation requires Ins(i,4,5)P1
production from PIP2 hydrolysis rather than using Ca-induced Ca release from the ER.
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Microinection of Re p1 into Xsnoims Oocytes an lImiate
Dcrease .in Sn-1L2-diacylQlycerol (DAG) And La Inncas in both
DA1 and Inositol -140tr Maass, MGoslstone, LL
Stth, Biology Department, University of Colorado at Denver, Denver
CO 80217-3364.
Microinjected ras p21 reduced DAG mass from 99.4 ± 39 to 48 ± 11
pmol/cell (P<0.02; average ± s.d.; n=4). This decrease was maximal
at 30 min after injection and then DAG values gradually increased to
reach control levels at 5 hrs after injection.
Both transforming and non-transforming Kirsten and Harvey ras
proteins were similar in their ability to decrease DAG although
transforming ras proteins were more effective in the induction of meiotic
cell division. Entry into prophase was denoted by the appeaance of a
white spot in the pigmented animal pole which began to appear
approximately 6 hrs after injection. During white spot appearance,
DAG levels increased approximately 20%, then DAG declined 30% at
GVBD50 (or 6.5 ± 1.86 hrs after injection) and then increased again.
Ras p21 did not increase IP3 levels for the first three hours after
injection. There was a brief increase in IP3 from 75.l ± lO to 109.1 ±
8 fmol/cell (P<0.03; n= 4) at 4 hrs after injection with a return to basal
levels within an hour. Enty into prophase was accompanied by a 15
fmol/cell decrease (P< 0.4) m IP3 levels.
Plant Development (100-103)
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Nuclear Events During Early Gametophytic Development in a Brown Alga.
M.C. P,lajl, G.D. Garman. QLoff2.and G.N. Cherrl, lUniversity of
California at Davis Bodega Marine Laboratory, Bodega Bay, CA 94923 and
2Department of Biology, University of California, Santa Cruz, CA 95064.
In the brown alga, Macrocystis pyrifera, gametophytic development
involves zoospore germination, which includes germ tube (12-15 pm)
elongation. Subsequent to this, the zoospore nucleus undergoes a division,
and one of the daughter nuclei translocates to the distal end of the germ tube.
These two temporally different developmental events are regulated by
distinct cytoskeletal elements: germ tube elongation is governed by actin
microfilaments, while nuclear division and translocation are microtubule
mediated events (Pillai et al., Protoplasma, in press). In the present study,
zoospores, which are released from the plant following meiosis, were
cultured through different stages of development, and the DNA levels in
single nuclei, probed with DAPI, were quantitated. The zoospore nucleus
contained DNA twice the level of sperm, suggesting DNA replication occurs
shortly after meiosis. Following completion of germination, additional DNA
replication was observed. After nuclear division, each daughter nucleus
contained DNA levels similar to the zoospore nucleus. Prior to nuclear
division, bundles of microtubules were associated with the nucleus as
visualized using a monoclonal antibody to ftubulin. During nuclear division
a bi-polar spindle was observed. As translocation of the daughter nucleus
proceeded, the distal pole of the spindle appeared to be at the leading edge of
the nucleus. Microtubule bundles, apparently associated with each pole, were
observed to extend along the entire length of the germ tube as nuclear
translocation was completed. These microtubule-mediated nuclear events
appear to be pH dependent based on their inhibition at alkaline pH (>8.5).
Supported by MMS, USDOI, #14-35-0001-30471, and the California Sea
Grant College Program #NA89AA-D-SG138, Project #R/NP-1-21M.
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IMMUNOLOCALIZATION OF ANNEXIN-LIKE PROTEINS IN A
VARIETY OF PLANT CELLS. G. Clark. M. Dauwalder. and
S. Roux, Department of Botany, University of Texas
at Austin, Austin, TX 78713.
The existence of annexin-like proteins in a
wide variety of plant species has been established
in the past several years. These plant proteins
share some properties with the annexins isolated
from animal cells such as calcium dependent binding
to acidic phospholipids and sequence similiarities.
We have characterized a 35 kD pea annexin-like
protein and have raised polyclonal antibodies that
have been used in immunolocalization studies.
Earlier localization studies indicated this protein
was abundant in several cell types in which
secretory activity is developmentally important.
Because one suggested function for certain annexins
in animal cells is mediation of the membrane fusion
event in exocytosis, our localization results could
indicate a similiar function for annexins in plant
cells. We have done further localization studies
using different plant species and cell types. We
will be presenting these localization results along
with novel inmunogold results obtained in mature
pea sieve elements showing a localization
associated with the cell periphery.
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Zeamatin. an antifungal protein found in corn seeds.
A.J. Vigers and C.P. Selitrennikoff. Dept. Cellular and Structural
Biology, UCHSC, Denver, CO 80262.
Zeamatin is a small (22kDa) basic protein that we have
isolated from corn seeds. It has potent antifungal activity against a
variety of fungi including both plant and human pathogens.
Zeamatin is related to the thaumatin-like group of pathogenesis-
related proteins that are induced in several species of plants by
microbial attack or wounding. While these PR-proteins are induced
in several parts of the plant during stress, zeamatin is constitutively
expressed in seeds at high levels. These high levels protect the
vunerable seed against fungal attack. In the corn seed, zeamatin is
expressed mainly in the endosperm. During germination, zeamatin
levels in the endosperm do not after, indicating that this protein is
resistant to the endogenous proteases that are activated during this
time. There are also very low levels of zeamatin present in the
embryo fraction. These levels increase in the first few days of
germination and zeamatin appears to be formed by processing of
high molecular weight precursors.
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Probina Cell and Tissue Domains in Zea mays Roots. M.E. Zavala.
CS.Randall L.D. Ralohband A. Galoustian. Department of
Biology,California State University, Northridge, Northridge, CA 91330.
As cells are cut and move from the meristem, they become
distinct and part of a complex system of specialized tissues. Differences
in the interconnections between and among cells results in barriers which
determine specific tissue domains. We probed tissue domains in corn
(Zea mava, cv. Early Sunglow) in normal and cold-stressed roots. Roots
were grown under normal (3 days, 250C) (NR), stressed (3 days, 250C
followed by 7 days, 40C) (SR), or recovered (3 days, 25°C; 7 days,
4°C; followed by 4 days, 250C) (RR) conditions and exposed to toluidine
blue, rhodamine isothiocynate, or lead salts. The roots took up each dye
in a cell and tissue-specific manner for each of the treatments. The
results of our experiments showed that 1) there are several apoplast and
symplast domains in roots; 2) in general these domains change in
response to cold stress, and 3) the quiescent center (OC) is a relatively
stable domain. While other tissues fluctuated in their ability to take up
dye, the QC remained isolated from dye uptake in each case. The
apparent symplast and apoplast isolation of the QC may be a means by
which its developmental fate is regulated. Supported by GM 08395 to
MEZ, CSUN Foundation Student projects to CSR and AG and Affirmative
Action Grant to MEZ.
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Hormonal Induction. M.A. Melan, E MLRattigan and T.K. Perman, Department of
Biological Sciences, Wellesley College, Welleey, MA 02181.
Lipoxygenases are enzymes which catalyze the hydroperoxidation of unsurated fatty
acids that contain a cis, cis-1,4-pentadiene double bond system and function in the
biosynthesis of regulatory molecules in both plants and mammals. We have undertaken a
molecular analysis of lipoxygenase in .A&hiajdoia lsaiana to clarify its physiological
function(s) in higher plants. We have isolated a full-length lipoxygenase cDNA using
soybean seed lipoxygenase-l and -3 clones as probe. The cDNA sequence exhibits 64% and
80% nucleotide and amino acid similarity, respectively, when compared to soybean
lipoxygenase-3. Genomic Southern blots indicate that Am bi contains a single
lipoxygenase gene homnologous to soybean lipoxygenases. This gene encodes a 2.8 kb
mRNA which is highly expressed in roots and seedlings. Lower levels of expression are
observed in leaves and flower bolts. Increases in lipoxygenase mRNA expression in roots
are noted 24 hours after treatment with methyl jasmonate (6-fold) or abscisic acid (8-fold).
Levels of cxprcssion remain high up to 96 hours after the treatments. A positive feedback
regulation is suggested for methyl jasmonate induced expression as the enzyme is involved
in the biosynthesis of jasmonate. During germination, peak lipoxygenase activity is seen
three days after sowing and a 2-fold greater activity is noted for seed geaminated in the light.
We are currently examining the effects of the lipoxygenase inhibitors ibuprofen and
piroxicam on germination, lipoxygenase mRNA expression and protein content. Our results
indicate that this lipoxygenase gene in Arabidpsis is under complex regulation with
expression of the gene having important developmental consequences.
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Molecular and Physiological Studies of Tobacco Genetic Tumors
X.-H. Fengl,2, P. T. Bottino2, and S.-D. Kung4l2 'Center for Ag Biotech and 2Dept
of Botany, University of Maryland, College Park, MD 20742 (Spon. by J.R. Wu.)
Genetic tumors in Nicotiana arise spontaneously on specific hybrid plants.
The amphidiploid hybrid (GGLL wildtype) of N. glauca Grah. X N. langsdorffii
Weinm., a nontumorous mutant (GGLL mutant), and their parental species have
been chosen for this study. We have used both molecular and physiological
approaches to study the possible mechanisms underlying genetic tumorigenesis. (i)
Using immunoassay, we have measured the relative endogenous levels of
cytokinins in various tissues of all four genotypes and found that tumors contained
higher level of cytokinin than other tissues. (ii) The nontumorous mutant
exhibited a shooty morphology, indistinguishable from that of wildtype genetic
tumors, when it was treated by exogenously-applied cytokinins or transformed
with a T-DNA cytokinin-biosynthesis gene (isopentenyltransferase; ipt). Auxins
alone did not confer this effect. This altered phenotype of transformed mutant
was caused by the constitutive expression of the ipt gene. Expression of the ip t
gene led to an elevated level of cytokinin in the transformed mutant tissues. (iii)
We have also examined the spatial and temporal regulation of Ng rol gene
expression in genetic tumors. The Ng rol genes are homologs of Ri rol genes in the
genome of N. glauca. The Ng rolC was shown to be expressed more in tumor tissues
than other tissues. This suggested that Ng rolC is important in genetic tumor
induction and growth in that it may have a similar function as Ri rolC to release
free cytokinins from their conjugated forms in tumor cells. (iv) To identify other
components that regulate tumor induction and growth, PCR has been used to isolate
protein kinase sequences from Nicotiana. RNA blot analyses showed that
transcripts of the four isolated Nicotiana kinase genes accumulated differentially
during genetic tumor induction. Transcript of one particular kinase, named NIPK2,
increased during tumor induciton, while other kinase transcripts showed little
change during the induction period. Thus, protein kinases may play a very critical
regulatory role in plant hormone-mediated genetic tumorigenesis in Nicotiana.
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Identification and Localization of Cell Cycle
Control Proteins in Zea mays Root tips. E.
Banuelos, A. Amezcua, and L.._.Zavala.
Department of Biology, California State
University, Northridge, Northridge, CA 91330.
We are investigating the regulation of cell
division in Zea mays (corn) root tips. Root
tips have several distinct populations of cells
in the apical meristem. Three-day old
aseptically grown seedling roots were cut into
two parts: the active meristem, terminal 2mm,
and the elongation zone, the next 2mm. Other
similarly grown roots were decapitated and
allowed to grow for two more days. Tissues were
extracted with RIPA buffer, run on SDS-PAGE and
transferred to nitrocellulose. Blots were
probed with anti-phosphotyrosine. Coomassie
stained gels had many bands including prominent
ones at 34-37kDa. Western blots of these gels
identified a single band at -37kDa. We are
currently determining the cellular localization
of these proteins. It appears that Zei mays
cells have a homolog of p340dC2 protein kinase.




The Regulation of Cell-Surface Glycoconiugate Expression in Human
Neural Tumors: a-1.2 Fucosyltransferase and a-Fucosidase mRNA
ExpressionL H.amamto T. Kh2re. D. VanderMeulen, V. Prasad, IL
Kersey. L. Disterhoft, and J. MoskaL The Chicago Institute for
Neurosurgery and Neuroresearch, Chicago, IL, 60614.
A human glioblastoma cell line (SNB-1 9), was used as a model system to
identify tumor-suppressing, cell-surface, glycoconjugates. When these
cells were rendered non-tumorigenic by treatment with retinoic acid
(RA), a 5-fold increase in the expression of a fucose-containing
glycoprotein (Mr-i 30 kD;pl-6.7) was observed. We have begun to study
the regulation of its expression by measuring fucosyltransferase (FT)
and fucosidase (FH) mRNA levels by Northem blot analysis and PCR. RA
caused a significant (>5-fold) decrease in FH but had no effect on FT
mRNA expression. FH mRNA expression was further studied in normal
human brain tissue, primary brain tumors and established brain tumor-
derived cell lines. All meningiomas (4), meningiomas in culture (5),
one pituitary adenoma, 1 Schwannoma, and most gliomas (5/8) expressed
FH mRNA. However, neither metastatic brain tumors nor normal brain
expressed appreciable FH mRNA levels. These data suwggest that decreases
in FH mRNA may result in increases in the expression of fucose-
containing glycoproteins. The comparative absence of FH mRNA
expression in normal brain and metastatic brain tumors suggests that FH
expression plays a key role in brain tumorigenesis. (We would like to
acknowledge Dr. J. Lowe [Univ. Michigan] for kindly providing the a-1,2
fucosyltransferase probe used in these studies.)
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Low Dose Radiation Stimulates B16 Melanoma Cell allbh3 Integrin Receptor
EWression and Adhesion to Fibronectin In Viro and Metastasis In Vivo. 5L
Onoda, S.S. Kantak, M.P. Piechookd. W. Awad, R. Chea, D.D. Monterosso, B Liu,
and A.Z. Mamybekova. Departmerit of Radiation Oncology, Wayne State
University School of Medicine, Detroit Ml 48202.
We examined non-lethal, low dose radiation effects on B16 melanoma cell
metastatic phenotype (i.e., its metastatic potential. We previously demonstrated
that B16 cell metastatic phenotype is regulated by surface expression of the
alfbt3 integrin. We determined that 25-250 cGy y or x-radiation stimulated
allbP3 integrin receptor expression 15 minutes post irradiation. The radiation
stimulated al1bA3 expression resuited in enhanced B16 cell adhesion to matrix
peptides (e.g., fibronectin) and to endothelial monolayers. In vivo intravenous
injection of irradiated B16 cellk form significantly more experimental metastases
than sham irradiated cells. Our working hypothesis is that low dose radiation
triggers a cascade of biochemical responses gMng rise to highly metastatic tumor
cells. Specifically, we suggest that low dose radiation initiates a signal
transduction via activation of arachidonic acid metabolism and the neosynthesis
of the 12-lipoxygenase product, 12-HETE. In tum, 12-HETE stimulates the
translocation and activation of protein Winase C. The activated protein kinase C
stimulates surface expression of allbP3 integrins by inducing microfilament
and/or intermediate filament rearrangement. The end result of radiation
enhanced expression of allbP3 integrins on the B16 cell plasma membrane is a
highly metastatic phenotype, characterized by increased adhesion to biologically
relevant substrata and increased ability to form pulmonary tumor colonies. We
suggest that under certain conditions, radiation therapy may have paradoxical
effects on cancer cell metastasis, - i.e., that low dose radiation may facilitate
disseminated metastatic disease. These studies were supported by CA50465
and the Department of Radiation Oncology, Wayne State University, and the




Characterization of the Cellular ReceDtor for
Domain of ThrombosRondin (TSP). G.P las.zynskLV.L .*Rothman, ML PaRale. B.K. Hamilton d J.Eyalt Department of Medicine, Medical College of
Pennsylvania, Philadelphia, PA 19129 and W.R.
Grace & Co. Columbia MD 21044.
We have previously shown that the synthetic
peptide CSVTCG, derived from the Type 1 repeats of
TSP, inhibited lung metastasis of B16-FlO melanoma
cells in mice and promoted attachment of these as
well as other tumor cells. In the present study,
the cell receptor for CSVTCG was isolated from A549
human lung carcinoma cells by CSVTCG affinity chro-
matography and characterized for TSP binding and
cell adhesive activity. The purified receptor ana-
lyzed as a major band of 50 Kd on SDS-gels under
nonreducing conditions,pd 50 Kd and 60 Kd under
reducing conditions. 1 5I-labeled receptor bound
solid phase TS+ 2rev+sibly and saturably. Thebinding was Ca /Mg ion dependent and could be
inhibited 80% with fluid phase TSP. Little or no
binding was observed on BSA, fibronectin, GRGES, and
GRGDS. Heparin, fucoidin, chondroitin sulfate B, and
dextran sulfate but not lactose inhibited binding,
suggesting that sulfated glycoconjugates may play a
role in the binding interaction. Rabbit anti-CSVTCG
receptor serum and goat anti-CSVTCG peptide serum
inhibited A549 cell spreading and adhesion on TSP
but had no effect on fibronectin and laminin. These
results suggest that the CSVTCG binding protein is a
TSP tumor cell adhesion receptor and CSVTCG is a
tumor cell adhesion domain.
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Localizaionl2LALocaizaton o Thrombospondin and its*eetriHIuman Breast Cacnm. ..Tszvnski ,-V.L.
Rothman aRae 4 awill. and R.F. Nicosia.Departments of Medicine and Pathology, Medical
College of Pennsylvania, Philadelphia, PA 19129.
(Spon. by M. Di Berardino)
The immunohistochemical localization of
thrombospondin (TSP) and its tumor cell adhesion
receptor was studied in various breast carcinomas
and normal or hyperplastic breast tissues. Positive
staining using polyclonal antibodies for TSP and its
50 Kd adhesion receptor, isolated from a human
adenocarcinoma of the lung, was observed in 11 out
of 11 primary breast carcinomas examined. Staining
was particularly intense in invasive ductal carci-
noma. In contrast, all benign lesions and normal
breast tissue stained negative for TSP and its
receptor. These were 5 normal breast samples, 1
ductal hyperplasia, 7 fibroadenomas, and 5 fibro-
cystic samples. Positive staining for TSP in malig-
nant tissue was localized in the dense stromal
collagen, whereas the TSP receptor was found in the
tumor cells. These results suggest that malignant
breast carcinoma may stimulate surrounding stromal
cells such as myofibroblasts, to secrete a matrix
rich In TSP which contributes to the desmoplastic
stromal reaction characteristic of this type of
tumor. The TSP-rich matrix may then promote tumor
cell attachment, tumor cell migration, and angio-
genesis - cellular events that facilitate the de-
velopment of metastases. Supported by HL43392 and
HL28149.
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The Ubiguitin-S27a Fusion Protein Is Overexpressed In Human
Colon Carcinoma But Not Gastric Carcinoma. M. Puds« G. F.
Iarmard. M. Mori, . L. Redman, J. M. Jess G. D. Stele. r.
and L. B. Chen. Dana-Farber Cancer Institute, Harvard Medical
School, Boston, MA 02115.
We have previously shown that the mRNA expression for the
ubiquitin-S27a fusion protein is significantly increased in human
colon carcinoma (ca). The level of expression correlated with
Dukes' stage of disease. This suggests that the hybrid protein
expression may be a useful specific marker for tumor progression
and biological aggressiveness. In this study we have determined
the expression of the fusion protein in histologic sections of
tumors (colon and gastric ca) and adjacent normal mucosa with
rabbit polyclonal antisera to the ribosomal protein S27a portion of
the fusion protein. In colon ca, the immunohistochemical staining
of the cytoplasm was markedly increased as compared to normal
mucosa (n=5,p=0.03). Staining of gastric ca sections with the
antibody was variable between different samples. Three samples
had tumor staining equal to normal, two had tumor less than
nonnal and one of six had greater expression in tumor than the
adjacent mucosa. Northern blot analysis of the ubiquitin-fusion
protein message in gastric ca (n=7) revealed no difference in the
mean tumor/normal ratios (0.9 + 0.2Xmean ± SE) compared to 3.3
+ 0.63 for colon ca (n=21, P<0.001). We conclude that the
ubiquitin-S27a fusion protein is overexpressed in colonic but not
gastric carcinoma and this may prove useful as a marker of
aggressiveness in colon carcinoma.
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ThrombosRondin Prmte Mor CelFibrin-Gel
Invasign by Inhbiin Fibrinoyi anmd Pomoting
Cell Attachment, L,_ Hosokawa, Murais V.L.
Rothman. LKAlPapals, 3 G.P. Tu zynski. Department
of Medicine, Medical College of Pennsylvania,
Philadelphia, PA 19129. (Spon. by M. Stearns)
Thrombospondin (TSP) was evaluated for its
effect on the capacity of human A549 lung adeno-
carcinoma cells to invade fibrin gels. Cells
suspended in DMEM containing 0.10 units/ml plasmin-
ogen were added to a 2.5 mm diameter well in a 2 mm
thick fibrin gel. Various concentrations of TSP
were added either to the cells or to the gel. After
18 hrs the number of spread and gel-adherent cells
were counted and the diameter of the well was
measured to determine the extent of fibrinolysis.
In the absence of TSP, the tumor cells were non-
adherent and catalyzed the rapid degradation of the
fibrin gel causing the application well to increase
in diameter several-fold. In contrast, addition of
either TSP to the gel or cells inhibited fibrin-
olysis in a dose-dependent manner and promoted
attachment and spreading of cells on the fibrin ma-
trix. Fibronectin had no effect and the TSP acti-
vity was inhibited with an anti-TSP Mab. The TSP-
derived adhesive peptide, CSVTCG, and RGD promoted
tumor cell attachment, but had no effect on fibrino-
lysis. These results are consistent with the recent
-ly reported anti-plasmin activity of TSP and sug-
gest that TSP may promote tumor cell metastasis not
only by promoting cell attachment but also by pro-
tecting tumor cell-fibrin emboli from degradation by
the host fibrinolytic system. Supported by HL28149.
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Tissue Proteinase Inhibitor Content and Tumor Growth
Are Affected by Administration of Anesthetic Agents
to C57BL/6 Mice. B. Waxler, X. Zhang, and F. Wezeman,
Dept. of Anesthesiology, Cook County Hosp. and Dept.
of Biology, Loyola University, Chicago, Ill., 60626
Tissue low-molecular weight proteinase inhibitors
(PI) regulate enzyme activities in the extracellular
environment. Their expression suggests a role in re-
stricting tumor cell invasion by inhibiting enzyme
activity. Previous studies identified a PI similar
in mw to aprotinin, and its quantitative relationship
to transformation (J.Lab.Clin.Med.104:528-37,1984).
Male and female mice were exposed to either halothane
or ketamine at 3% in 97% 02. Lungs were extracted in
1M NaCl followed by ultrafiltration to final concen-
trates. These were purified by affinity chromatogra-
phy; HPLC revealed a major peak containing PI which
was quantified using TAME. Mice exposed to either
agent were then injected with 105 B16-FlO tumor cell
suspensions/animal and sacrificed 21 days later.
Metastatic lung tumor colonies were quantified. PI
was significantly (p<0.05) elevated over controls
only in female mice exposed to halothane; this group
had a larger number of small metastatic nodules than
controls although the mean total number of metastases
and the mean rank size/mouse did not differ. These
results suggest a relationship between the elevation
of PI in tissues induced by exposure to halothane
and tumor cell proliferation.
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Phosohorase A. Activiois In Immnortalked and K' Truso92= Hunman
Mammary EDithelial Cells.: C.J. GuftiNdoe'. M.R.Stamdfer". M.A. ClaM. and M,R.
Steiner 'Depanent of Microbiology and Immunology, University of Kentucky,
Lexington, KY, 21awrence Berkeley Laboratories, University of California,
Berkeley, CA, and 'Scherng-Plough Research Laboratores, BloorrEield, N.J.
(Spon. by S. Steiner.)Alterations In phosphoilpase A2 activty have been observed upon
expression of the raes oncogene. Since mutiple phospholpases have beenidentified In different cell types, the specific phopholipase A,(s) with altered
activity In rae transformed cells was Investigated. Phospht*ase A% activties
were characterized In Immortalized and K-ras transtormed human mammary
epithelNal cells by use of altemative In vitro assay oonditions and analyses of
dffferent subcellularfractions and samples separated by HPLC. A phospholpasc
A2 activity was observed In the two cell types which had the chaaterIstics of a
110 kDa enzyme, including Cab dependence of activfty, Cae nedited reguWton
of boaization of the activity In the high speed supematarit verus particulatefraction, and substrate specificity of the enzyme activty (hydrlysiy of bothphosphatidy1chollne and phosphatidylethanolarmne; highest activity with
phosphatidykholine with an arachidonoyl group In the sn-2 position as compared
to phosphatidyicholnes with other fatly acyl substtuenl In thia positbn). This
phospholipase AX activIty was higher In the ras transtormed human nmmmary
epithelil cells as compared to the Immortalized human mammary epitheflal cells.
The Increased actity was also observed upon MonoO chromatography
suggesting that the enhanced activy Is not due to alterations In either an
Inhibtory or stimulatory factor. Additional ph l A. activitis were
observed in the two cell types Including a Ca" Independent activity and a
particulate associated activiy. These acthlves were not Increased In the ras
transformed cells as compared to the Immortalized cells. On the basis of the
amount of substrate hydrolyzed per mg protein (supernatant or particulatefracton), the 110 kDa4lke activiy was the highest activty observed In elther the




Outification of the ShartnTerq Response of Hepatocytes in the Map A6C3FI Mouse to
Chloroacetic Acids. J.H. Carterl. areWr1, an A.B. DeA glo. lWood Hudson Can-
cer Research Laboratory, Newport, KY 41071, and 2U.S. Environnental Protection Agency,
Health Effects Research Laboratory, Research Triangle Park, NC 27711.
Recent studies show that trichloroacetic acid (TCA) and dichloroacetic acid (DCA) are
complete carcinogens in the B6C3F1 mouse (DeAngelo, et al., Toxicologist 10:148, 1990,
Fund. Appl. ToxicoL 16:337,1991). However, the role of TCA and DCA as initiators of
carcinogenicity, is unclear since they arenon-genotoxic in a variety of test systems. The ob-
jective of this study was to determine if hepatocellular toxicity isa mechanism for
chloroacetic acid carcinogenesis in the mouse. Male B6C3F1 mice were given 0.5 or 5.0
g/L TCA or DCA in their drinking water for up to 30 days. Controls had distilled water.
Groups of animals (5/group) were sacrificed at 5 day intervals. Blocks of liver were
processed routinely. Histoiogic secdons were stained with hematoxylin and rosin (H&E).
Changes in hepatocyte number, pioidy and nuclear size were quandfied in the H&E stained
sections using a Zeiss IBAS 2000 image analysis system and a40 X objective. A dose de-
pendent reducdon in hepatocyte number per field was found following 15-30 day exposures
to TCA or DCA. The % of mononucleated cells increased significantly with length of ex-
posure and dose of TCA. With 5.0 g/L DCA, a peak effect was seen at 20 days when 91.7%
of the hepatocytes were mononucleated (vs. 58.2% in controls). There was a progressive
and dose dependent increase in nuclear size in TCA treated mice. After 30 days of 5.0 g/L
TCA, mean hepatocyte nuclear area was 95.42 ± 11.05 Am2 vs. 47.90 ± 5.09 pm2 in con-
trols. The peak effect of DCA on nuclear size was found at 20 days when hepatocyte
nuclear area was 73.23 ± 5.51 pm2 in mice given 5.0 g/L DCA. Inflammatory cells were
not found in areas with nucear changes. We conclude that mitoinhibition occurs in
hepatocytes exposed to chloroacetic acids. Physiologic adaptadons to a mitoinhibitory
microenvironment (Farber and Rubin, Cancer Res. 51:2751, 1991) may drive chloroacetic
acid induced hepatocellular carcinogenesis. (This abstract does not reflect EPA policy.)
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Minocycline, An Angiogenesis Inhibitor, Acts Synergistically
With Carmustine (BCNU) To Control 9L Gliosarcoma Growth.
J. Weingart and H. Brem, Department of Neurosurgery, Johns
Hopkins Hospital, Baltimore, MD 21205.
The control of tumor growth by traditional chemotherapy agents
can potentially be enhanced by biological response modifiers.
We tested this in an intracranial rat glioma model using a
combination of minocycline, a semisynthetic tetracycline which
inhibits collagenase and angiogenesis, and carmustine (BCNU).
Pieces of 9L gliosarcoma were implanted into the rat brain.
Five days after tumor implantation, the animals were divided
into 4 treatment groups: group 1 - control; group 2 -
minocycline alone administered systemically or locally with a
controlled-release polymer; group 3 - intraperitoneal (ip)
BCNU alone; and group 4 - combination of ip BCNU and mino-
cycline administered systemically or locally with a controlled
release polymer. The combination of minocycline delivered
locally in a controlled-release polymer and BCIU resulted in
a significant (p 0.05) extension of median survival, 56 days,
compared to BCNU alone, 29 days, and to controls, 13 days.
When administered alone either systemically or locally 5 days
after tumor implantation, minocycline had no effect on
survival. This study demonstrates that a biological response
modifier which by itself is ineffective at controlling tumor
growth can act synergistically with a chemotherapeutic agent
to control tumor growth.
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Regua ion of the PolyamTne Catabolizing £nzyme.
Spermidine/Spermilne N -acetyltransferase. in Response to
Changes n Intracellular Polamniae Pools. NW. Shappell M.
Fogel-Petrovic SA Carl W. Porter, Grace Cancer Drug Center,
Roswell Park Cancer Institute, Buffalo, NY 14263. (Spon. by
B. Asch).
By virtue of its potential to control polyamine
catabolism and excretion, the polyamine acetylating enyzme,
spermidine/spermine N1-acetyltransferase (SSAT), has been
implicated in the homeostatic control of intracellular
polyamine pools. The regulatory relationship(s) between
these pools and SSAT enzyme activity and mRNA levels was
examined. When polyamine pools in MALME-3 human melanoma
cells are increased by treatment with exogenous polyamines,
SSAT activity and mRNA (as measured by Northern blot
analysis) increase steadily over 24 hrs to a maximum of
5-fold. Hhen polyamine pools are depleted by treatment with
a combination of specific inhibitors of polyamine
biosynthesis, SSAT activity and mRNA are significantly
decreased from basal levels. Selective depletion of either
spermidine or spermine pools indicates that SSAT activity and
mRNA levels are more sensitive to regulation by spermine than
spermidine. Thus, SSAT activity and mRNA are collaterally
regulated by changes in intracellular polyamine pools. This
relationship is consistent with the involvement of SSAT in
pool maintenance and prevention of spermine toxicity via the
enzyme's ability to facilitate polyamine catabolism and/or
excretion out of cells. (Supported by CA-51524 and CA-13038).
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Abrogation of Transforming Growth Factor-. (TGF-5) Secretion From Cultured Human
1 ExXosd to 2.3.7.-rahl
-b -dioxin rrD).
S. D. Kramarzuk: . and W. A. Toscano. lr. Biomedical Sciences Graduate Program and
Molecular Toxicology Group, School of Public Health, University of 'Minnesota,
Minneapolis, MN 55455.
Proliferation of human keasinocytes is mediated by the temporal expression of both
mitogenic and antimitogenic cytokines. Modulating the regulation of the expression
regulatory cytokines results in altered celi growth patterns, often leading to neoplastic
fonnaion. We have been studying the proliferation-modulating actions of the tumor promoter
2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD). TCDD is the archetype of the dioxin fanily of
polychlorinated hydrocarbons, whose toxic actions are mediated by the Ah receptor, a
member of the steroid hormone superfamily. Previous work in this lboratory has shown that
exposure of keratinocytes TCDD induces the expression and secretion of TGF-u, a potent
epidennal cell mitogen [Choi et al., J. Biol. Chem. 266: 9591-9597 (1991)]. Here we report
the action of dioxin on the secretion ofTGF-p. TGF-p is an antimitogen that causes GI anest
in epidenmal and other cell types. Primary human keatinocyte culnres (HuE) were exposed
to either 0.1% DMSO, 1 ILM retinoic acid, or 10 nM TCDD. Immortalized human
keratinoce cultures (SCC-12F) were exposed to DMSO, retinoic acid, or 100 nM TCDD. In
both treautent regimens, cells were exposed to the compounds for 7-8 days, the last four days
were in the absence of serum. Samples of culture medium were assayed for TGF-P by western
blot or biological activity. Westan blots were probed with a neutraliing polyclonal antibody
(R&D Systems, Minneapolis, MN) specific for TGF-pI and p2. The bioiogical assay used
mink lung epithelial celi (Mv-lLu) culture to assess the growth inhl,itory effects ofTGF-P by
measuring inhibition of [methyl-3H]-thymidine incorporation into macromolecules
tDanielpour et al., J. Cell Physiol. 138:79-86]. Purified TGF-p (gift of Dr. James Dasch,
Collagen Corp.) was used to genrate a standard curve. Exposure of the cells to TCDD
resulted in a two- to three- fold docre in the concentaion of TGF-P in medium from both
SCC 12F, and HuE culnsres, repectively. Our results suggest that altering expression of both
mitogenic and antimitogenic peptides may be an important mechanism of TCDD action.
Supported in part by a Grant frun NIH, ES.02866.
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Cloning vay Structural Analysis of the Mouse Spermidine/Sper-
mltn 1-Acetyltransferase Gene and cDNA. M.
Fogel-Petrovic. D.L. Kramer, B. Ganis. R.A. Casero and C.W.
Porter, Roswell Park Cancer Institute, Buffalo, NY 14263 and
John's Hopkins Oncology Center, Baltimore, MD 21205 (RAC).
(Spon. by Carl Porter).
The polyamine catabolizing enzyme, spermidine/spermine
NI-acetyltransferase (SSAT), plays an important role in
polyamine pool maintenance and appears to be a determinant of
drug action in the antitumor activity of certain polyamine
analogs. Transcriptional control of the enzyme by polyamines
and certain of their analogs prompted interest in the gene
structure and its regulatory elements. The full length mouse
SSAT gene was isolated as a 3644 bp EcoRI fragment from a)d-47 mus saxicola genomic library by hybridization with
human SSAT cDNA. The gene contains 6 exons and 5 introns.
Sequence analysis of 850 bp of the 5' non-coding region
revealed several GC rich areas and consensus binding
sequences for API, Spl and AP2 transcription factors. No
TATA or CAT boxes were apparent. The deduced amino acid
sequence of the coding region differed in five amino acids
from that of the human SSAT cDNA. The 3' non-coding region
contained two possible polyadenylation signal sites. Final
sequence analysis of the mouse SSAT cDNA is underway.
Elucidation of the structural features by which polyamines
and their analogs regulate gene transcription may have
relevance to other genes as well. (Support by CA-51524 and
CA-1 3038).
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Transcriptional Regualition of Spermidine/Soermine N1-Acetyl
transferase by Polyamines and Polyamine Analogs. tL Fogel-
PetrovicL. Shappill. R.J. Bergeron and C.N. Porter, Grace
Cancer Drug Center, Roswell Park Cancer Institute, Buffalo
NY 14263. Dept Medicinal Chemistry, University of Florida,
Gainesville, 32610 (R.J.B.). (Spon. by P. Nickerson).
The polyamine catabolizing enzyme, spermidine/spermine
NI-acetyltransferase (SSAT), is potently inducible by anti-
tumor polyamine analogs such as Nl,N12-bis(ethyl)spermine
(BESPM) and to a lesser degree, by the natural polyamines.
Treatment of MALME-3 human melanoma cells with 10 pM BESPM
increases SSAT activity by >200 fold in 24 hr. By Northern
blot analysis, increases of up to 45-fold in translationally
active SSAT mRNA were observed. Three different mRNA forms
hybridizing to human SSAT cDNA were identified--a minor band
(-3.0 kb) believed to be preprocessed mRNA and two major
bands (-1.5 and 1.3 kb). Accumulation of SSAT mRNA was found
to be partially due to RNA stabilization as indicated by ac-
tinomycin D experiments. The rate of SSAT transcription was
also increased as indicated by nuclear run-off experiments
and by the increase of 3.0 kb preprocessed mRNA in nuclear
RNA preparations. The natural polyamine, spermine, behaved
similarly to the analog in increasing the various forms of
SSAT mRNA. Primer extension studies revealed the presence of
two transcriptional start sites--the site farthest upstream
from the ATG codon was selectively increased by BESPM or
spermine. To our knowledge, SSAT represents one of the few
examples of a gene which is transcriptionally regulated by





C-MYC Protein Distribution in Mammary Adenocarcinomas
of MTV/myc Transgenic Mice N. Tulchin. F. Lee. L.Ornstein. J.
Strauchen. and R. Cardiff Dept.ofPath.,Mt. Sinai Sch. of Med.,
N.Y.,N.Y., Dept. ofGenetics, Harvard Medical School, Boston, MA,
Dept. ofPath.,Schl. of Med., Univ. of Cal., Davis, CA.
The MTV/myc transgenic mouse model has permitted the analysis
of the effects of exogeneously introduced myc genes fused to a
murine mammary tumor virus promoter. We have used a sensitive
immunohistochemicalmethod for studying the mvc protein in
MTV/myc transgenic mammary tumors. Eleven abnormal tissues
from six transgenic animals, as well as three morphologically
normal samples were studied. The tumors found in these animals
included: four large cell adenocarcinomas (LC), two type A tumors
of Dunn, and one mixed type A and C tumors of Dunn, and four
unclassified adenocarcinomas. The highest levels of staining for myc
protein were found in the epithelial cell nuclei of mammary tumors
which carried and expressed the mc transgene. The transgenic
mesenchyme, did not contain detectable antigen, while the normal
transgenic mammary epithelium had low to barely detectable
quantities of antigen. This work supports the role of the myc protein
in mammary tumorigenesis and suggests a correlation between
histopathology and levels of myc.protein.
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"Deletion Mutations detected in CHO cells usinq a
Multiplex PCR technique." Chowdhary,A.,Oin,S., Reymez,
S.and Murison,G. Dept.Biological Sciences, Florida
International University,Miami, Fl. 33199.
Nitroarenes are ubiquitous environmental pollutants
that are highly genotoxic to mammalian cells. We have
previously shown that 2,4,7-trinitrofluorenone (TNF)
induces chromosome aberrations and mutations in
Chinese Hamster ovary cells (CHO). In this study we
use a rapid screening method usinq the polymerase
chain reaction (PCR) to detect deletion mutants
induced by TNF. We used the CHO-Kl cells with a
single cc y of the HGPRT gene and the AS52 cells with
a deletion of the HGPRT gene and replaced with a
single copy of the E.coli qpt gene as tarqet cells.
TNF is equicytotoxic to CHO-Kl and AS52 cells yet the
yield of mutations is 5-10 fold hiqher in the AS52
cells. Primers were desiqned to amplify Exons 2,3,5,
7 8, and 9 of the HGPRT qene and 500 base pairs of the
gpt gene respectively. In a Multiplex PCR procedure
Exons 2,3,5,7 8 and 9 are detected in control CHO-Kl
cells and not in the AS52 cells. Conversely the gpt
gene is amplified in the AS52 cells and not in CHO-Kl
cells. Of sixteen mutant CHO-Kl clones examined, two
showed no amplification of Exon 9 and 3 mutant clones
failed to amplify Exons 2,3,5, 7 8 and 9 of the HGPRT
gene. Three of eight AS52 mutant clones showed no
amplification with the gpt primers.
(supported by an NIH-MBRS grant to G.M.)
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Constitutive Int-3 gene expression uncouples
epithellal differentiative processes In developing mouse
mammary glands.
Smith, G. H., Jhappan, C.. Gallahan, D., Merlino, G. and Calahan, R.
Laboratories of Tumor Immunology and Biology and Molecular Biology,
DCBDC, NCI, NIH, Bethesda, MD 20892.
The Int-3 gene is commonly activated by retroviral DNA insertion in
primary mouse mammary tumors induced by MMTV. Two tumor-specific
transcripts, one enhancer-activated (5.2Kb) and one promoter-activated
(2.4Kb), are produced as the result of viral DNA Insertion within an exon
encoding the lnt-3 protein transmembrane domain. Transgenic mice
possessing the genomic Int-3 fragment expressing the 2.4Kb
promoter-activated portion of the gene develop a high incidence of mammary
cancer. In addition, mammary glandular deveiopment Is disrupted with
respect to both ductal and lobular differentiation and growth. Transplantation
of transgenbo mammary epithelium to syngeneic normal fat pads and the
converse demonstrated that the disruption of glandular deveiopment Is
mediated through the epithelium. Normal glandular development was
sustained in the transgenic fat pad suggesting the uncoupling of epithelial to
stroma signals essential to normal organogenesis in the transgenic
epthelium. Ovarian hormones and specific growth factors, e.g. EGF, TGF, a,
3 are instrumental in the mediation of mammary stroma-epithelial
Interactions. Immunochemica bocalization and appearance of these products
In the developing Int-3 mammary tissue imply their Important role In int-3
induced mammary tumorlgenesis.
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Candidate Metastasis-Associated Genes In Rat Mammary
Adenocarcinoma 13762NF Cell Lines
Pencil, S. D., and Nicolson, G. L. Dept. of Tumor Biology,
The Univ. of Texas M.D. Anderson Cancer Center, Houston, TX
We have used differential hybridization to identify and isolate genes
potentially involved in the metastatic process. Several complementary
DNAs that are differentially expressed in a lamba ZAP II phage library
derived from the highly metastatic MTLn3 line versus the nonmetastatic
MTC.4 line of mammary adenocarcinoma were isolated and partially
sequenced. Homology searches in the EMBVJGeneBank database revealed
that one of the genes had very high (98.8%) homology to annexin I (also
known as calpactin II). Annexin I is an in vivo substrate for EGF-receptor
kinase and PKC (1) and it also colocalizes with filamentous actin at EGF-
induced membrane ruffles (2). Quantitative analysis of Northern blot
hybridizations showed that the annexin I-like sequence was expressed 4- to
7-fold higher in the MTLn3 than in MTC.4 cells. Steady state mRNA
levels were also low in MTLn2, a cell line of low metastatic potential
which is closely related to MTLn3. Correlation of annexin I mRNA levels
with the metastatic phenotype were not observed in preliminary
experiments with colon adenocarcinoma cell lines or B16 malignant
melanoma cell lines, suggesting that annexin I may play a specific role in
mammary adenocarcinoma metastasis. Supported by NIH grant R35-
CA44352 to G.L.N.
REFERENCES: 1) Kumble, K.D., et al. Cancer Res. 52:163-167,1992.
2) Campos-Gonzalez, R., et al. Cell Motil. Cytoskel.
15:34-40,1990.
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Bi-alielic EXpression of Wrl sugg2ha Wims Tur
Gene is a Qnstream Eff -S.r. Raini D1C..lLawv
M.MCpgozB.R.G.Wiliams, and A.P. Feinb Dept. of internal
Medidne, Univ. of Michigan, Ann Arbor, Ml; 2Cleveland Clinic,
Cleveland, OH; 3Howard Hughes Medical Institute, Univ. of Michigan,
Ann Arbor, Ml.
We have previously reported that half of all Wilms tumors
express low levels of WT1 (Huang et al. 1990 kianc 250;991).
These tumors are generally characterized as o agically
heterogeneous. There have been a few reports descriing intragenlc
deletions and mutations in the zinc finger regon ofWTI but most
tumors apparently do not contain deletions and mutatons. Therefore
we have hypo ed that a more comfmon mechanism of
inacbvation of WT1 may be the alteration of an upstream regulator of
WT1 expression. In order to test this hypothesis we have studied
alielic expression of WT1 in low expressing tumors by making use of
the CA repeat in the 3' untranslated region of the WT1 mRNA. We
found that 7 of 10 informative tumors expressed both alleles.
Therefore, a majority of Wilms tumors may contain an alteration of an
upstream regulator which modulates WT1 mRNA lvels. The 3 tumors
which had lost expression of one WT1 allele suggested that some
tumors may be td with WT1 promoter mutations. These
mutations may help to elucidate sequences essential in the regulation
of WrT mRNA expression.
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ONCOGENIC POINT MUTATIONS DETECTED BY
COMBINED PCR AND LCR TECHNIQUES. Q. Wel, L.
Barany?2 and V. L. Wlison.1 1.The Children's Hospital and
University of Colorado School of Medicine, Denver, CO
80218; 2.Cornell University Medical College, New York,
NY 10021.
Point mutations In proto-oncogenes and tumor
suppressor genes are known to disrupt normal cellular
controls and growth regulation. The early detection of
such mutations In a few cells within large populations of
cells, or tissue specimens, would enable the deciphering
of specific steps Involved In the processes of
oncogenesis. We have shown that a specific base
substitution In a mutant allele of Ha-ras can be detected In
the presence of excess normal Ha-ras allele, using llgase
chain reaction (LCR) techniques. This LCR mediated
detection of the mutation follows after two rounds of Mspl
restriction and PCR amplification of the Ha-ras codon 12.
These techniques have enabled the detection of less than
one pg of mutant plasmid DNA (Ha-ras codon 12 (GTC)) In
the presence of one jig of normal plasmid DNA (Ha-ras
codon 12 (GGC)). This Is equivalent to the detection of
one mutant allele In one In 106 cells. Thus, these
techniques will also be valuable to the determination of




The Class-I-Restricted Tumr Antisen P198 Derives from a
Ribosomal Protein. V.Verlant A.Amar-Costesec D.Godelaine
P.Chomez* and E.De Plaen*, International Institute of Cel-
lular and Molecular Pathology (UCL) and *Ludwig Institute for
Cancer Research, B-1200 Brussels, Belgium.
Mouse mastocytoma cells P815 treated with mutagens ex-
press new (tum ) antigens that become the target of CTLs. The
gene transferring expression of the antigen P198 differs from
the normal allele by a point mutation (Ala14 > Thr) that ac-
counts for the tum phenotype (C. Sibille et al., J. Exp.
Med. 1990, 172:35); it encodes a polypeptide (P198p) of 23.5
kDa which we have attempted to characterize. Upon in vitro
translation of cDNA transcripts in the presence of dog
pancreas microsomes, P198p is not processed by proteolysis or
glycosylation. Rabbit antisera raised against a synthetic
C-terminal peptide identified P198p by Western blot analysis
in all the cells and tissues of the DBA/2 mouse examined.
Upon subcellular fractionation, the protein was recovered in
the microsomes and, to a lesser extent, in the postmicrosomal
supernatant of liver and other cell homogenates. P198p be-
haved like RNA when the microsomes were brought to density
equilibrium in a sucrose gradient, and when the polysomes
were isolated after disrupting the membranes in a detergent;
it was partially released from the microsomes by agents which
detach the ribosomes. When postmicrosomal supernatants were
recentrifuged at increasing forces P198p and RNA cosedimen-
ted. These data argue for an association of P198p with the
ribosomes. After P91Ap, P198p is the second tum antigen
precursor found to be located in the cytosolic compartment.
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Clwacterizatpn of a Growth Stimubtor Probein Secrted by a SV40Tranmed
1_ C1 Lim T.A. Nemth and Deparment of Pathobg,
Northwestern University Medical School/VA lakeside Medical Center, Chicago, IL
60611
Despite extensive investigation, the mechan_s by which the early genes of
SV40 btasorm human cells is still unclear. Among the poibilis s the autocrine
production of a growth factor, however this concept has received little attention.
HSF4-T12 is a human fibroblast cell line produced by trans on of prtmay normal
cells with the gen for SV40 largeT and smaull t antgens. A progressive stwise
trbnsformation was observed with in & culture of this cell line eventually
resulting ins tumo cell line. We previously showed that serum-free media
conditoned by HSF4-T12 cells was able to stimulate growth of normal human
fibroblasts as detennined by both growth curve and 3H-thymidine incorporation
assays. We have subsequently been able to isolate the stimulatory activity by means
of heparin affinity chromatography and non-denaturing polyacrylamide gels. The
activity elutes from a heparn-Sepharoe column at 0.45-0.5M Naa (pH=7.0), and
purification results in a single narrow band of approximately 26 Kd.B mial
tests on the purified protein show the activity tobe labile to heat and low pH (<4),
but stable to high pH (>10), trypsin, and redudng agents. Additionally, no reactivity
o monoxdonal antibodies tobFGF and TGF-alpha was seen in Western analyses of
conditoned media samples, and activity was not blocked by antisenam capable of
blocking PDGFB activity. However, addition of heparin to conditioned media
samples does block stimulatory activity. Curently, this protein being analyzed for
amino add composition and partial sequence, and antiserum is being raised in
rabbits. Ultimately, we will assess the role of this activity in the progressive
bansfonnation of HSF4-T12.
This work was supported in partby the Veter Administradon (Medical Research
Service).
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Morphological and Immunohistochemical Analysis of LNI
Ovarian Tumor Cell Line Grown in Rotating-Wall Vessels.
T.L. Prewett, T.J. Goodwin, KRUG Life Sciences, Houston,
TX 70058, G.F. Spaulding, NASA/Johnson Space Center,
Houston, TX 77058, and J.L. Becker, University of South
Florida, Tampa, FL 33606 (Spon. by M.P. Moyer.)
Carcinoma cells isolated from a heterologous mixed
Mullerian tumor of the ovary were established in standard
tissue culture. At passage 3, the cultured cells exhibited
heterogeneity with epithelial and mesodermal cell components
both being expressed. However, cells in long term culture
(passage 36) exhibited significant homogeneity with greater
than 99% of the cells exhibiting positive staining for cyto-
keratin and 56% positive expression of TAG-72 carcinoma
antigen. Cells from passage 36 were seeded into a rotating-
wall vessel (RWV) on microcarrier beads. Analysis of cell
cycle kinetics demonstrated an increase in the proportion
of cells in S and G2+M phases during time in the RWV culture,
with a corresponding decrease in the percentages of cells
in GO/GI phases. After 32 days of culture, heterogeneous
staining for TAG-72, vimentin and cytokeratin was evident.
Scanning electron micrographs confirmed the presence of a
heterogeneous cellular population present in the RWV culture.
In conclusion, the RWV represents a novel in vitro cell
culture system suitable for generating large volumes of
ovarian tumor cells, which exhibit unique morphological
characteristics similar to those properties expressed in vivo.
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Incubaion of HeLaceltrnfcd with high molecular weig-ht TNF
reetr(p70 with human tumbor necrosis SD induces
ai a. LR.G. Cboa. L. . J PC and R. Heller. Syntex
Discovery Research, Palo Alto, CA 94304. (Spon. by J.P. Caulfield.)
Heller, et al. (Cell, v.70, 1992, in press), have shown that
cytotoxicity as measued by am adherence assay is induced by hTNF in
both muine and human cell lines trasfeced with the human p70 receptor.
Here we have studied alions in the cellular ultratr of HeLa p70
transfectants caused by inb with hTNF in order to undrsa the
mechanism of cel kIlling. TNF-treated HeLa cels and feLa p70
ransfected cells were examind by transmisson electron microscopy and
fluorsence micrscopy following iwubations with 30ng/mI hTNF for
0, 6, 12, or 24 hours. HeLa cels at 6, 12, and 24 hours and HeLa p70
nsfectants at 0 hous were id l to control HeLa cells. HeLa p70
trasfectants at 6, 12 and 24 hours were apoptotic, having both condensed
cytoplsm and chromatin condensed along the nuclear membrane. Also,
nucler d cytoplasmic membranes were highly convoluted in TNF-
trcated HeLa p70 tfected cells. Many aoptotic bodies containing
nuckar fragmsnts and/or intct cellular orgnelies were also observed.
Chromatin and nuckar fragmention, both classic
ultrastructualc of s, were also readily observed by
fluorescene microscopy following staning with Hoechst 33342. We
conclude that TNF mediates apopsis in HeLa ceUls transfected with the
p70 TNF receptor, but not in the non-tansfected HeLa cells.
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Charactaion of the Resonse to the Modulators of Iron
MetaboCismby AML-193 Celia C.Akin,and G.
S_QIllEf Dqment of Microbiology and Immunology,
University of Louisville, Loisville, KY 40292.
Tnsferrin plays an important role in the grwth reguon
of the AML-193 humnn myeloid leukemia cell line. In order to
advance the anding of the significance of iron and
transfeirin on mycloid cells, we aimed to chaacterize the effects
of various of iron metabolism on AML-193 growth and
transfenin r expression. Our results swed at trnsfenin
and iron su ed the serum-free growth of AML-193 cells,
whereas intacellula iron chelators, desfeIrioxanine and picolinic
acid caused a dosedependent growth inhibition. An exltracellular
chelator (DPA) and ant-transferfin receptor monoclonal
antibodies, on the other hand, had no apparnt growth inhibitory
effects. Transfein receptor expression was found to be
upregulated by desferrioxamine and picolinic acid, and
dowmegulated by iron and DTPA. These results suggest an
imporant role for iron metabolism on the regulation of AML-193





Transformationl .CH 10T1/2 Cel with Oncogmig Ha-ras Stimulates a
Tranplma Membrane Ferricanide Reductase. R& Crowe idLL
Crane. Department of Biological Sciences, Purdue Univerisity, West
Lafayette, IN 47907.
The ras gene family of small GTP binding proteins have been
demonstrated to be ubiquitous in mammals and ras proteins have also
been found in other eukaryotes such as drosophila and yeast. The
prevalence of ras has led researchers to propose that ras proteins play an
important role in the function of cells. Likewise the transplasma
membrane electron ttansport system has been found in all cell types for
which it has been assayed. By comparing C3H 0OTI/2 cell lines which
either have or have not been transformed by an activated form of the Ha-
ras oncogene we have demonstrated a ferricyanide reductase activity
which is significatly increased by the presence of the oncogene. TheC3H0OTI/2 cells which had been transfected with a proto-oncogenic form of
the gene gave a rate which was similar to that of the nontranformed cells.
All theC3H IOTI/2 cells lines are also capable of reducing a variety of
oxidants, such as, diferrictransferrin, ferric ammonium citrate and
cytochrome c. The reduction of cytochrome c is insensitive to superoxide
dismutase and is also not inhibited by rotenone. Reduction of external
electron acceptors was measured on an Aminco-2a dual beam
spectrophotometer.
1348-ChloroAdenoin Treatment ofL-ungEo elial rells. Decrases
Content of K-ms Protein and lInhibitsq GrowthB.W.,.Neighbimrs Q&A
LangnCmr r andA M Malkinson. Molecular Toxicology Progrm,
School ofPharmacy, University of Colorado, Boulder, CO 80309-0297.
(Spon. by A. M. Malkdnson).
The cyclic AMP (cAMP) pathway displays numerous derangements
when neoplastic mouse lung epithelial cell lines are compared to their
normal counterparts. This includes the regulation of adenylate cyclase
activity and of cAMP-dependent proteinkinase (PKA) expression. We
thereforeinvestigated whether acAMP analogknown to have growth
inhibitory activity on other celltypes evinced differential effects on
normal and neoplastic lung cells. 8-chloro-cyclic AMP (8ClcAMP) was
cytostatic for both normal and neoplastic cells, and was cytotoxic to one
neoplastic cell line. However, serum enzymes converted 8ClcAMP to its
metabolite, 8-chloro-adenosine (8CIAdo), and direct addition of 8CIAdo
reproduced these biological effects on lungcells. In examining possible
mechanisms of 8CIAdo action, we noted a decrease in the cellular content
of the K-ras gene product in all cell lines, as assessed by immunoblotting.
K-ras is the transforming oncogene in these neoplastic cells, and cells
containing two wild-type alleles, one mutant and one wild-type, and only
mutated K-ras alleles showedthis down-regulation. PKA concentrations
were also diminished by 8ClAdo exposure, due to an initial decreased
expression of PKA catalytic subunit mRNA. Studies on a possible
connection between K-ras, PKA, and cytoskeletal organization are in
progress. (Supported by USPHS grant ES 02370).
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Fate of Mabs to HER-2 receptor In breast cancercell lines.. WI.i GA.
Kelle.r Department of Preclinical Pharmacology, Genentech, Inc., 460
Point San Bruno Boulevard, South San Francisco, CA 94080
The HER2 proto-oncogene encodes a 185-kD transmembrane
tyrosine kinase with extensive homology to EGFR. The HER-2 receptor Is
potentialimmunogen for Immunotherapy because HER-2 amplification
and/or overexpression Is thought to play an Important role in malignant
progression. Some Mabs specifically directec, to the extracellular domain
the receptor Induce cell growth Inhibition In breast cancer cell lines
athymic mice bearing human breast tumor xenographs overexpressing
HER-2, whereas others demonstrate minimal inhibiting activity
stimulate moderate growth. Understanding the fate of the
binding is essential to develop therapeutic strategies. Immunoelectron
microsocopy Indicated that, regardless of their activity
proliferation, all anti-HER-2 Mabs were Internalized via
pathway and accumulated In an early endosomal compartment
significant delivery to the lysosomes in SK-BR-3 and
Furthermore, In SK-BR-3, one Inhibitory Mab recycled to the
15 minutes after Intemalization and was released Into the medium.
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MiC£hangcs in Inositol 1,4.5-tr (Iho"gd Sn-12-(D&W MM Ocu 1htali l iThrough ];ir
inXm laevis. Silva, K buJono,mWIDikerann. ELL Si1k, Biology Department, University of Colorado at
Denver, Denver CO 80217-3364.
Fertilization was associated with an increase in IP3 (110 fmol/cell)
and a 1327-fold larger increase in DAG (146 pmol/cell). This suggests
that DAG derives from sources other than phosphatidylinositol 4,5-
bisphosphate (PIP2) breakdown. We estimate that one sperm does not
contain sufficient IP3 to activate the egg.
Since calcium ionophore increased DAG, eggs may have a calcium-
activated phospholipase that is responsible for the fertilization DAG
increase. The fertilization-induced calcium wave may be due to a
positive feedback cycle involving calcium and IP3 since (a) IP3
decreased approximately when the calcium wave ended (b) calcium
ionophore or (c) pricking the egg increased IP3.
There was a second, 3-fold DAG increase from 5 min to 40 min after
sperm addition. DAG levels remained elevated for the next hour (a
period that includes first mitosis), and then declined to control levels
during first cleavage. IP3 levels were elevated at 30 min and 80 min
after sperm addition and increased during first cleavage. We suggest
that, during first cleavage, PIP2 breakdown increases while there is a
large decrease in DAG production from non-PIP2 sources.
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Interactions of RAS with GAP1, NFl and Effector(s): Systematic
Mutational Analysis for Identifying Their Key Functional Resi-
dues. Nur-E-Kamal, M.S.A. and Maruta, H. Ludwig Institute
for Cancer Research, Melbourne, AUSTRALIA 3050.
RasGTPases are activated by two distinct GAPs: GAP1 of 120
kDa and NF1 (neurofibromatosis type I gene product) of 235 kDa.
These GAPs do not activate other GTPases including Rapl, Rsrl
and Rho. Both Rapl and Rsrl GTPases are activated by GAP3C of
55 kDa, instead. The Ras GTPase activating domain (residues
871 to 1197) of NF1, which we call NF1C, shares 26% sequence
identity with the corresponding domain (residues 720 to 1044)
of bovine GAP1, which we call GAP1C. The GAP1C was shown re-
cently to serve as a negative regulator of the N-terminal SH2
domain of GAP1 (SH2-G). The SH2-G blocks the muscarinic K1-
channels of atrial myocytes. Using a series of chimeric Ras/
Rapl or Ras/Rsrl, we have found that (i) the specificity for
both NF1Cag6 GAP1C is primarily determined by Gln6l of Ras,
whereas Glu of Ras increases the sensitivity to both NF1C &GAP}, (ii) the GAP3C specificity is primarily determined byThr° of both Rapl and Rsrl, (iii) hydrophobic residue (Tyr or
Phe) at position 64 of both Ras and Rapl is required for their
interactions with the corregponding GAPs, ang also for Ras
oncogenicity, and (iv) Asn , Gl3 and Va 4 of Ras are onco-
genic determinants, and thus Gly16 and Lysl of Rapl are most
likely the residues that determine its anti-Ras action (anti-
oncogenicity). Further, by N- and C-terminal deletion and
point mutations, we are currently identifying the multiple key
residues of NF1C essential for its interaction with Ras.
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ANALYSIS OF TMEC-vSPRPOQTOI-COGEN IN FACTOR INDEPENDENT
HEATOPOETIC PROGENITORC LINES. L_&.Romanik, IlLSakakeeny,i Leif, T J itzGerald, andJ.S.GregerM.
Dept. Radiation Oncology, Univ. MA Medical Center,
Worcester, MA. 01655
Amino acid substitutions in several proto-oncogenes and
growth factor receptors are activating mutations. Thec-fma
differs from oncogenic v-faa by several point mutations in
the extracellular domain and possesses a potential negative
regulatory tyrosine at the c-terminal end. Changes in these
two domains of c-fms may be responsible for the loss of
growth control mediated by CSF-l/c-,fs. We have previously
shown that clonal murine factor independent cell lines
derived from cocultivation withgamma irradiated marrow
D2XRII stromal cells arise by progression through an
intermediate step at which there is an upregulated c-fm,
expression. In the present study, we examined sites in both
the intracellular and extracellular domains ofc-ffm in
factor independent subclones of the FDC-Pl and 32D c13 cell
lines. PCR amplification of the regions flanking residues
301(L) and 973(Y) with sequence analysis by the dideoxy
chain-termination method provided no evidence for mutations
at either of these two sites. These data show that the
transformation of these cell lines to ligand independent
growth did not result from activating mutations of theC8S1-
receptor at thsse two sites. The induction of growth factor
independence may instead be due to alterations in the steps




Micrnimajon of C-Mos Protein Blocks MitoticP
LrLM. ag1, N. Ye , G. F. Vande Woude2 and G. G yl,
lLaboratory of Molecular Biology, University of Wisconsin, Madison, WI
53706. 2 ABLBasic Research Program, NCI-Frederick Cancer Research and
Development Center, Frederick, Maryland 21702.
The role of mos in cell cycle regulation is as yet poorly understood.
Bacterially expressed c-mosxe fusion protein when injected into Xenopus
oocytes induces matumation, but c-mos also has cytostatic factor activity, as
the injection into blastomeres causes embryo cleavage arrest at metaphase.
Moreover, other work suggests that high expression of mos protein is lethal
to transformed cells. In order to investigate whether c-mos protein might
affect mitosis in mammalian cells, we microinjected bacterially expressed
maltose binding protein (MBP)-mos fusion protein into mitotic PtKl cells and
observed them by video microscopy. A total of 37 prophase cells were
injected with c-mos fusion protein at 0.5mg/ml. 26 of them did not divide; 4
showed abnonnal division and the remaining cells passed mitosis. In contrast,
all cells injected at metaphase progressed through mitosis. Cells injected at
prometaphase gave intermediate results; 25% did not divide. Those cells that
did not divide failed to form a metaphase plate and tended to be very rounded.
At low concentration of c-mos (0.25mg/ml) more cells reached metaphase,
but many lacked normal chromosome oscillation and displayed false
anaphase, ie., some sister chromatids did not separate. We consider that the
false anaphase is the consequence of chromosomes failing to form perfect
metaphase plate. Control injections of 30 cells with c-mos kinase mutant
protein resulted in normal division. Anti-tubulin immunostaining showed that
there was spindle fonnation in c-mos injected cells. Immunolocalization of
mos protein for the injected cells is being done to understand the possible
target(s) of mos. Supported by NIH grants GM25062 (GGB) and NCI,
DHHS, NO1-CO-74101 with ABL-Basic Reseach Program.
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Specific association of cytosolic factors with the c-
mIc promoter binding protein ZF87. T. J. Logan. L
l.Pyrc. K. Moberg and D. J. Hall. Department of Biochemistry
and Molecular Biology. Thomas Jefferson University,
Philadelphia, PA. 19107.
Transcription initiation from the major, or P2, promoter of
the c-myc proto-oncogene is dependent upon multiple
elements. Two of these elements are termed ME1a2 and MElal
and are located at -85 and -46 relative to P2. The same or
closely related factor binds these sites. We have isolated a
partial length cDNA clone for the MEla2/MEIaI binding factor,
which is termed ZF87 (Zinc-Finger protein 87 kiloDaltons).
The factor contains six zinc-fingers and a proline-rich region.
The proline-rich region appears to be essential for
transcriptional activation. ZF87 from Hela cells exists in
multiple forms. Following cell lysis ZF87 is found both in the
cytosol and nuclear fractions. The nuclear form binds DNA
efficiently while the cytosolic form does not. ZF87 was found to
associate with four distinct Hela cytosolic proteins of 59, 62, 75,
and 116 kD but not with any nuclear proteins. ZF87 appears to
contain a novel protein-protein interaction domain. The data
also indicate that the cytosolic form of ZF87 may be modified so
that it no longer binds DNA. ZF87 does not appear to associate
with any proteins from NIH3T3 cytosolic extracts. Thus, ZF87
shows cell-type specific variations in its properties that may
lead to distinct subcellular distributions. Depending on the cell
type these variations may play a role in regulating c - my c
expression.
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Overexpression of c-_&. Under Control of the SV40 Promoter Complex. Induces
Overexoression of RB in Trasfected Cells. S.R. Pai and R.C. Bird,
Department of Pathobiology, Auburn University, AL 36849 (Spon. by V. Panangaa)
The tumor suppressor gene Rb encodes a nuclear phosplioprotin of 105-115 kd
that is present throughout the cell cycle, and which exhibits variable degrees of phase-
specific phosphorylation. There is growing evidence that hypophosphorylated Rb acta
as a suppressor of cell growth and proliferation during 01 phase. We investigaed
whether Rb expression was dependent on the expresion level of the immediate early
cell growth gene, c-fos, which is trasiently expressed as cells re-enter G0 phaw from
quiescence. To explore the functional relationship between c-fis and Rb, a eukaryotic
expression plasmid was consrcted containing the c-fos gene under control of the
SV4o promoter complex. This plasmid was co-transfected with plasmids enooding
pRSVcat and 0418 resistance, into HeLm S3 cells, and clonal popultions of
trnsfected cells selected. High levels of c-fos expression in transfected cells were
confirmed by both western and northern blot. The Rb protein content was determined
by flow cytometry using an argon ion laser emitting at 488 nm and an Rb-specific
primary antibody with a FITC conjugated secondary antibody. Higher expression of
Rb (2-6 fold/cell) in approximately 20% of the RSflos transfocted HeLa cells was
observed in comparison to controls. Rb content per cell was shown to double during
the cell cycle of both normal cells and cells which overexpressed Rb. Overexpression
of Rb was confirmed by western blot analysis. Because one possible function of RB
may be to act as a brake on cell growth, it is possible that overexpression of Rb acts an
inhibitory counter response to overexpression of the growth promoting activity of c-
fos. This possible balancing activity of Rb was further suggested when Rb protein
expression levels were measured in tranafected cels expressing varying levels of c-fos.
Overexpression of Rb was proportionl to overexpression of cffos in eabch clonal cell
line. Rb may be acting to balance the stimulatory effects of c-fis overexpression on
the transcription of other genes during the cell cycle. (Supported by NII.
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First Non-Vertebrate Member of the My.C Gene Family is Seasonally
Expressed in an Invertebrate Testis. C Walker*, J2.D.G m**, and
A.G. Marsh***, *Department of Zoology, University of New Hampshire,
Durham, NH 03824, **Institute for Molecular Biology and Biochemistry,
Simon Fraser University, Bumaby, CANADA, and ***COMB/UMD
Baltimore, MD 21203.
We have cloned and characterized the first non-vertebrate member of
the myc gene family, pAv-myc, from testes of the Northern sea star, Asterias
vulgaris (Echinodermata). We have used an oligonucleotide that is
complementary to the virtually 100% conserved vertebrate c-myc Box A in
the second exon and a cDNA library constructed from spermatogenically
active testes. Relatives of this echinoderm existed approximately 100
million years prior to the origin of the earliest known organism for which c-
myc sequence is currently available (the trout). Nonetheless, our cDNA
encodes a protein with approximately 30% amino acid identity and 46%
overall conservation to human c-myc. Regions of substantially higher
conservation (63%-95%) correspond in order to the transcriptional
activation (Boxes A, B & C), casein kinase II phosphorylation, nuclear
targeting, basic DNA-binding and oligomerization domains in the second
and third exons of human c-myc. Sea star c-myc cDNA detects a 2.7 kb
transcript on Northern blots of monthly samples of testicular tissue from
field collected individuals (n = 6-8), indicating peak expression during
active spermatogenesis. This is also the first example of seasonal variation
in expression of c-myc during spermatogenesis in laboratory or natural
populations of any animal. It is intriguing to speculate about the potential
oncogenic character of c-myc in this invertebrate where tumors have not yet
been observed and about the possibility that c-myc is more universally
present in eukaryotes than has been anticipated. Supported by NSF (DCB-
8711425) and Hatch (331) to CWW.
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Polyoma Middle T Antigen Facilitates HL-60 Cell
Differentiation. J.D. Platko, V. Cherington, and A. Yen,
Department of Pathology, Cornell Univ., Ithaca, NY. 14853.
Expression of the polyoma middle T antigen in HL-60 cells
enhances cellular differentiation during induction with
retinoic acid or 1,25-dihydroxy vitamin D3. HL-60 cells
expressing the polyoma middle T antigen were obtained by
coelectroporation of the plasmids pMTZIP and pZIPneo and
selecting for G418 resistant cells. Northern blot analysis of
the G418 resistant cells with a gel purified middle T probe
revealed expression of a 4.8 kilobase message specific for
middle T. Western blot analysis with a polyclonal antibody
specific for the polyoma large and middle T antigens indicated
the expression of a 56 kilodalton protein exclusively by cells
carrying the pMTZIP plasmid. Cells expressing the middle T
protein (mty) were examined for the ability to respond to the
myeloid inducer, retinoic acid and the monocytic inducer, 1,25-
dihydroxy vitamin D3. Differentiation was assayed by scoring
TPA inducible, superoxide producing cells every twenty-four
hours throughout a ninety-six hour induction period. In
addition, samples were collected every twenty-four hours and
stained with propidium iodide for cell cycle analysis on a
fluorescence activated cell sorter. These data indicate that
sty cells treated with one micromolar retinoic acid more
rapidly phenotypically differentiate and undergo Go/Gl growth
arrest at a faster rate than the vector transfected, control
cells or the original HL-60 line. Similarly, mty cells treated
with 0.5 micromolar 1,25-dihydroxy vitamin D3 also exhibited an
enhanced differentiation response as compared to the controls.
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I Romlan. md M_ zyf.r pamrtment of Pharumacology and Therapeutics,
McGE Umiverty, Moatrmi, PQ, Camada H3G 1Y4
A hallmark of DNA methylation in vertebrates is the fact that only a
fraction of the CpG sequences is methylated (60-80%) and that nonmethylated
cytosnes are distributed in a norandobm fashion, generating a pastern of methylation
that is gene and tissue specific. DNA methylation is catalyzed by the DNA
methyltrussferae enzyme (DNA MeTase). We have previously hypothesized that
regulated changes in the level of DNA MeTase gene expression might be an
important mechanisn through which DNA methylation paserns are generated (Szyf
e aL,J. Biol. Chem .266,10027-10030,1991). If this is true, the DNA MeTase gene
should be responsive to cellula signal tansduction pathways that are involved in
cellular differentiation. Sequence analysis of the promoter region revealed several
potential binding sites for tanwripti factor complexes (AP-1, GRE and E-boxes)
that might be involved in the regulation of the DNA MeTase gene expression by
different signal trsduction pathways ( Rouleau et al., J. Biol. ChesL 267, 7368-
7377, 1992). To test this hypothesis we cotransfected P19 cells with a chimeric
constuct containing 2.3 kb sequences from the 5' region of the DNA MeTase fused
to CAT (pMetCAT+) with fos and jun. DNA MeTase gene promoter activity was
induced 60-fold by fos and jun but not by a mutant of jun lackdng te DNA binding
domain. This induction was inhibited by deleton of the 7 AP-1 sites in the 5' region
of the DNA MeTase. Gel retwdation asaysdensad the formation of an of AP-
1 complex with an AP-1 binding site in the promoter region. Induction of DNA
MeTase tanscription by fos and jun was inhibited by the human glucocorticoid
receptor while expession of the the receptor per se had no effect on DNA MeTase
activity. The DNA MeTase is responsive also to the myogenesis reguaor MyoD
which expression results in a 20 fold induction of the DNA MeTase gene. This wor
suggests for the firt dine a mol ar lihnk beteen extraceliular signals and possible




Induction of c-fos and c-j in Mouse Epidermis Does Not Correlate
Sensitivity to Phorhol Ester Tumor Promoters. M.D. Kennard, D-C.Kang
and £P.Lzi Science Park-Research Division; The University of Texas
M.D.Anderson Cancer Center, Box 389; Smithville, Texas 78957.
The murine epidermis multistage carcinogenesis model offers an
opportunity to study the effects of tumor promoters on changes in gene
expression. 12-O-tetradecanoylphorbol-13-acetate (TPA) has been shown to
induce expression of proto-oncogenes c-fos and c-jun in many immortaized
cell lines. However, comprehensive studies of the effects of TPA treatment
on the mouse skin have not been reported. In this study, we compare
changes in expression of proto-oncogenes c-fos, c-jun, and c-myc, and of
ornithine decarboxylase (odc) andjunB, following one or two topical treat-
ments ofTPA in two strains of mice, the SSIN, inbred SENCAR, bred for
sensitivity to tumor promotion by TPA, and C57BL/6J, a strain that is
highly resistant to TPA. By Northern analysis of RNA and Western analy-
sis of protein, we show that c-fos is induced rapidly (by thirty minutes after
treatment) while junB, c-myc, and odc appear later. C-jun is induced only
slightly, if at all, in the SSIN mouse skin, and only to low levels in the
C57BL/6J. As compared to SSIN mice, C57BLJ6J mice respond to TPA
treatment, in general, with changes in steady state mRNA and proteins
either to a higher level, or expression remains at the maximum level for a
longer period, or both. Kinetics of the odc mRNA response are virtually
identical in both strains and under both protocols. These studies suggest that
ifFos and Jun proteins play an important role in tumor promotion, it may be
their rate of change in abundance relative to other cellular components,
rather than their absolute amount, that is critcal.
Supported by PHS CA 52468 (APB)
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Assessment of Second eaenger Snals and the PhMahorylation o
c-JUN In EGF-Stimulated Rat Fetal Henatocytes Exoope to Ethanol,
BE. Taylorl, S. SchenkCE2 c G.I. Henderson1.2. Departments of
Pharmacologyl and Medicine2, University of Texas Health Science Center,
San Antonio, Texas 78284-7764.
Both the protein kinase C (PK-C) and MAP kinase/protein phosphatase
2A (PP2A) pathways reportedly control c-JUN phosphoxylation in various
in vitro and in vivo systems. These pathways are stimulated by several
mitogens, including epidermal growth factor (EGF). Recently, we
determined that c-JUN becomes phosphorylated after 30 min stimulation
with lOOng/ml EGF in rat fetal hepatocytes (RFH) exposed to 2mg/ml
ethanol (E), a physiological dose of E which inhibits RFH replication. In
control (C) cells, by contrast, c-JUN dephosphorylated in response to EGF.
To assess whether PK-C or PP2A sensitive kinases might be affected by E
during this response, quiescent and EGF stimulated RFH were assayed for
PK-C and PP2A activity. No statistically significant differences in enzyme
activity were found between the CX and E exposed cells. In addition,
immunoprecipitates of c-JUN from CX and E treated RFH exposed to
inhibitors of PK-C (l0iaM RO 318220) and PP2A (100nM okadaic acid) in
culture showed no differences in phosphorylation. However, okadaic acid
did enhance phosphorylation of c-JUN samples normally existing in a
dephosphorylated state. This indicates that the protein is a substrate for
PP1/PP2A sensitive kinases in RFH, even though E does not mediate its
effects via this pathway. Protein kinase A (PK-A) may be involved in E
effects on c-JUN. as elevated levels of cAMP activity were detected in RFH
exposed to E as compared to CX. Prelinary results suggest that PK-A
activity is elevated in E treated cells, and direct stinulation of PK-A in CX
cells with 8-bromo-cAMP appears to mnimic the phosphozylation effects of
E on RFH. Although there are reports of inhibited c-jun transcription by
elevated cAMP, no direct link between cAMP activity and c-JUN
phosphorylation has been established to date. Supported by NIAAA grants
5-K02-AAD0121-03 and 2-RO1-AA07514-05.
Transforming Growth Factors (146-149)
146
Thrombosoondin (TSP) activates TGFB in Endothelial Cell Condi-
tioned Medium. J.E. Murphy-Ullrich and S. Schultz-Cherry,
Department of Pathology, University of Alabama at Birmingham,
Birmingham, AL 35924.
TSP forms specific complexes with active TGFB in platelet
releasates. TSP-TGFB complexes inhibited bovine aortic endothe-
lial (BAE) cell growth: growth inhibition was partially due to
TGFB. However, BAE growth inhibition by TSP stripped of TGFB
activity (sTSP) was also sensitive to antibodies to TGFB. Thus,
we investigated whether sTSP activates latent TGFB secreted by
BAE cells. BAE cells were cultured with sTSP and the condi-
tioned media (CM) were tested for the ability to support NRK-49F
cell colony formation in soft agar, a measure of TGFB activity.
sTSP-CM showed a dose and time-dependent ability to stimulate
colony formation. A maximal response was observed with 0.3
ug/ml sTSP at 24-48 hr either in the presence or absence of
serum. Colony formation was blocked by antibody to TGFB and was
EGF-dependent. TGFB activity was not observed in SPARC, tenas-
cin, fibronectin, laminin or BSA-CM. sTSP-BAE cell interactions
are necessary for stimulation of TGFB activity, since incubation
of sTSP with CM removed from cells did not stimulate colony for-
mation. These interactions are independent of sTSP binding to
heparan sulfate proteoglycans, since TSP-CM from CHO mutants
(pgsA-745), which lack GAG chains, stimulated colony formation.
Although the mechanism of TGFB activation by sTSP is unknown,
serine-proteases do not appear to be involved, since 2-anti-
plasmin and EACA did not decrease sTSP-stimulated TGFB activity.
Factors which regulate the conversion of latent to active TGFB
are keys to controlling TGFB activity. Our data suggest that
sTSP may be a major physiologic regulator of TGFB activity.
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S2ecific binding and internalization of r125 II TGF-Bl
in microvasculature endothelium in vivo. K. Dickson,
A. Philip, R. Hannah, M. O'Connor-McCourt, H.
Warshawsky and J.J.M. Bergeron. Department of Anatomy
and Cell Biology, McGill University and B.R.I.,
N.R.C., Montreal, Canada.
Following the injection of active '25IJTGF- 1
(s.a.=140Ci/Ag; 300 X 106 dpm) or (1251]TGF-B plus
excess unlabeled TGF-B1 (5OAg), rats were sacrificed
at 2 and 15 min and processed for in and EN
quantitative radioautography. Quantitative LM
radioautography revealed the highest density of
specific binding sites at 2 min over the kidney
glomerulus (normalized to 100% maximum) followed by
liver (34%), lung (7.6%), epiphyseal plate vascular
invasion zones of bone (6.5%), enamel organ (2.6%),
small intestine (0.1%), heart (1.9%), brain (0.5%) and
aortic endothelium (0.3%). EM radioautography revealed
for all tissues examined the microvasculature
endothelium as the major site of [125I]TGF-B5 specific
binding. At 15 min, silver grains were observed over
the cell surface or over endocytic components of
endothelial cells. Since lung is the major source of
endothelium in the body, lung microsomes were
evaluated for specific cross-linking with [125I]TGF-81
and a novel binding protein was identified. These
studies identify the micro-vasculature endothelium as
a major site of specific binding of circulating active
TGF-51 and therefore relate to the physiological sites
of TGF-51 bioactivity in vivo.
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TGF-B binds to the 70/50 kDa Region of Thrombosoondin. L
Schultz-Cherry and J.E. MurRhy-Ullrich. Department of Pathology,
University of Alabama at Birmingham, Birmingham, AL 35294.
Thrombospondin (TSP) is complexed with transforming growth
factor-B (TGF-B) in platelet releasate and additional data show
that TSP may be important in the regulation of TGF-B activity.
In order to better understand the interaction of TSP with TGF-B,
we investigated which region of TSP interacts with TGF-B.
1251-TGF-B bound immobilized non-heparin binding fragments (NHB)
of TSP as well as to equimolar amounts of intact TSP trimer.
There was no significant binding to the heparin-binding domain
(HBD) of TSP. In other experiments, soluble TSP or its chymo-
tryptic fragments were incubated with recombinant TGF-Bl, cross-
linked with DSS, and then examined for shifts in the running
position of TGF-B by SDS-PAGE. NHBD (120, 70, and 5OkDa) incu-
bated with TGF-B migrated as high molecular weight complexes
>4OOkDa on a reduced 4.5-20X gradient gel. In addition, the
free TGF-B monomer was absent in samples incubated with NHB
fragments of TSP. In contrast, there was no evidence of TGF-B
binding to the HBD, since higher molecular weight bands were
absent and free TGF-B was present in amounts similar to con-
trols. 125I-TGF-B was incubated with either the 25kDa HBD, the
50kDa, or a mixture of 70/50 kDa chymotryptic fragments for 2
hr, 370C, and then applied to a gel filtration column and shifts
in the elution position of 1251-TGF-B were examined. There was
no significant shift in elution position of TGF-B incubated with
the HBD, however, 1251-TGF-B incubated with either the 5OkDa or
70/50 kDa fragments showed a shift in elution position of -70X
of recovered radioactivity. These data suggest that the TGF-B
binding site lies within the 5OkDa fragment of TSP.
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Exrclular Domagin of Trnfring Growth Factor-B (TGF-13)
Receptor Typ II Encodes a Soluble TO',F-fl Binding Protein When
Expressed in a lBacterial Sysitem. P. Segarini. ID, Mastcarenhas.,
Y. Qgawa. D. dt. S.Seasch, Celtrix
Pharmaceuticals, 3055 Patrick Henry Drive, Santa Clara, CA
9502 8203.
There are three predominant cell surface proteins that bind
TGF-B, known as type I, type II, and type III receptors. The type
II receptor has been cloned and codes for a protein of 563 amino
acids [Lin et al.(1992) Cell, 68: 775 - 785]. This protein contains
three discrete putative domains, a 136 amino acid extracellular
domain, a 30 amino acid hydrophobic transmembrane domain
and a 376 amino acid intracellular domain. The 23 amino acids at
the amino termiial end of the protein are presumably cleaved off
as a signal peptide after transfer through the Golgi complex. The
intracellular domain bears strong homology to ser/thr kinases
and has been shown to catalyze phosphorylation of ser/thr
residues in vitro (Lin et al., ibid.) We have expressed the
extracellular domain in E.coli and this truncated receptor (sBRII)
is a soluble protein. A highly sensitive ligand blotting assay has
been developed for the detection of sBRIH in cell extracts. We find
that sBRII binds TGF-B1 and TGF-B2 specifically and with high
affinity. Recently, the soluble forms of several cytokine receptors
have been applied in models of disease to reduce the level of
circulating cytokine. The sBRII may be an effective therapeutic
for disorders that are characterized by high levels of TGF-B.
26a
Monday. Transforming Growth Factors (150-155)
150
In Vitro Effects of the Growth Factors TGFa and TGFA1 on Sinclair Swine
Melanoma Cell Lines, D.D.Freed. LQ.Ash.and M.S.Amoss.Department of
Veterinary Physiology and Pharmacology, Texas A&M University, College
Station, TX. 77843-4466. (Spon. by K. I. Nodland.)
Transforming Growth Factor a and Transforming Growth Factor 01 are growth
regulatory polypeptides that produce a number of biological effects including
stimulation or inhibition of ceU proliferation, dependent on cell type and
growth conditions. Two cell lines originating from Sinclair Swine Cutaneous
Melanomas (SSCM) from two individual animals were characterized by
tyrosinase expression. The cells were analyzed for their proliferative
responsiveness to varying concentrations of TGFa and TGFo1, based on
differential expression of those two growth factors (Garrett, et al, ASCB Annual
Meeting, Houston, Texas, 1989). Following expansion of cell numbers, cells
were plated at a density of 30,000 cells per well, and maintained in AIM V, a
serum-free media, for four days prior to the addition of growth factors. TGFa
was given at doses ranging between 1.0 ng/ml to 64.0 ng/ml. TGFl1 was
given at doses ranging between 0.02 ng/ml to 1.28 ng/ml. Following
incubation with growth factors, DNA synthesis was measured by 3H-
thymidine incorporation. TGFz appeared to stimulate DNA synthesis in a
dose dependent manner. The minimal detectable effect was seen at 1 ng/mi.
TGFPI significantly inhibited DNA synthesis at a dose of .08 ng/ml. These
results suggest that the in vitro proliferation of cells derived from SSCM are
significantly and differentially affected by the presence of transforming growth
factors. (Supported by NCI P01 CA49488-01A2)
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The Expression of Retinoblastoma Protein (l05RRB) In TGFa-
antisense (a.s.) and TGFB-a.s. Transfected Colon Carcinoma
Cells. C.-V. Dobre and M.G. Brattain, Department of
Biochemistry and Molecular Biology, Medical College of Ohio,
Toledo, OH 43699-0008.
One mechanism for cell transformation is the loss of
function in tumor suppressor retinoblastoma (RB) gene. Its
product (pRB) controls both GI/S boundary (DNA replication,
cell cycle start) and Gl phase (differentiation, cell cycle
stop). In the event that impaired growth control is respon-
sible for oncogenesis, the patterns and regulators for RB
gene expression and pRB function (phosphorylation) may have
an important role. We compared pRB expression in colon
carcinoma cell lines which were modulated with respect to
growth control by constitutive expression with either TGFe-
a.s. or TGFp-a.s. cDNA's. The less differentiated, more
aggressive HCT116 cells showed a loss of pRB cycle regulation
which was refractory to addition of nutrients or growth
factors to quiescent cells. In contrast, repression of auto-
crine TGFa by TGFa-a.s. expression led to restoration of cell
cycle control of pRB, thus indicating that autocrine TGFe has
a role in repressing cellular control of pRB function. The
abrogation of TGF-p expression by TGFp-a.s. in well differ-
entiated, less aggressive CBS cells led to impaired regula-
tion of pRB expression, suggesting that autocrine TGFP has a
role in control of steady state pRB function. Phosphoryla-
tion experiments are in progress.
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Autocrine Mechanisms. RL Sparks S.L. Peshori, and B.J. Allen,
Department of Anatomy and Molecular and Cell Biology Program, Tulane
Medical School, 1430 Tulane Ave., New Orleans, LA 70112
Nontransfonned 3T3 T proadipocytes can be induced to differentiate, yet
spontaneously or virally tformed cells lose their normal growth control
mechanisms as well as the ability to differentiate. Our goal is to further define
the mechanisms underlying growth and differentiation defects in transfonred
cells. TOF-P and tumor necrosis factor (TNF) inhibit different steps of 3T3 T
differentiation, suggesting a potential role as autocrine factors in blocking
differentiation of trnsformed cclls. Here, we transformed 3T3 T cells with
chemicals or irmdiation to determine if transformation after these
ratments causes loss of differenation control. Six clones were isolated from
type Il foci- all are tumorigenic and have lost the ability to differentiate.
Differentiaton ranged from 0 to less than 5%. Normal and aberant expression
of 3 growth factors and differentiation-inhibitors was examined. TOF-a and
TGF-p were expressed in normal 3T3 T cclls as determined by northern
analyses. Both were down-regulated during differentiation. Transformed
clones expressed varied levels ofTGF-a and . Three of the new transfonned
clones expressed high levels of TGF-. Co-culture experiments indicate that
mitogenic and differentiaon-inhibiting activity are secreted by the transforned
cells. Low levels ofTNF were found in normal and transformed cells. None
of the transformed cells expressed any of the differentiation genes tested (LPL
etc.). Even a clone which could undergo growth arrest but not morphologic
differenttion expressed no differentiation geneL Together, these data suggest
that transformation in general disrupts differentiation control. Aberrant
expression of growth or differentiation-inhibiting fators may be involved in
the loss of differentiation control in some transformed cells, but other
mechanisms appear to be involved as welL
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induction ofm Cll Death in Benign and
MaligMant Human Prostatic Enithelia in Culture. by
na Growth Factor-6. D.M. Sutkowski. J.A.
SnsibarC J.M. Kozlowski. and C Lee Departments of
Urology and Cell, Molecular and Structural Biology,
Northwestern University Medical School, Chicago, Illinois
60611.
TGF-8 has been implicated in programmed cell death
under in vivo conditions. However, it remains unclear
whether TGF-8 is directly involved in programmed cell
death. The present study used primary cultures of human
prostatic epithelial cells and the human prostatic cancer
cell line, PC3, in an attempt to demonstrate a direct
effect of TGF-4 on these cells. Both the benign
prostatic epithelial cells and PC3 cells were growth
inhibited by TGF-8 at a concentration of lng/ml after a
48 hour period (p<0. 05). Cell death was observed when
the benign and the malignant prostatic epithelial cells
were exposed to lng/ml TGF-8 in the absence of growth
factors. Cell death began approximately 24 hours
following treatment. In contrast, the control cells,
which were cultured under growth factor-free conditions,
still gradually proliferated. TGF-8 induced DNA
fragmentation in both the benign and malignant prostatic
*pithelial cell cultures. Using gel electrophoresis, the
fragmented DNA displayed the characteristic stepladder
pattern. These studies demonstrate that TGF-6 can cause
DNA degradation and cell death through the endogenous
pathway of apoptosis in benign and malignant prostatic
epithelia in culture.
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New Insiaht Into the Anti-Proliferative Activity of Cyclosoorine: Inhibition of
DNA Synthesis by a Transformins Growth Factor B Deoendent Mechanism. &
Khanna. and M. Suthanthiran The Rogosin Institute, The New York Hospital-
Cornell Medical Center, New York, NY 10021
We tested the hypothesis that the immunosuppressant cyclosporine
(CsAI would promote rather than inhibit the production of immunosuppressive
cytokine, transforming growth factor P ITGF-UI. This postulate was tested
using the mink lung epithelial cell line (MV1 Lul as indicator cells given the high
degree of sensitivity of this cell line to TGF-p.
Our investigation revealed the following: (a) inhibition by CsA and not
by CSH Ian inactive analogue of CsAI of DNA synthesis by MVlLu cells
131 ±11%, 48±15%, and 67±15% inhibition with 250, 500, or 1000 ng/ml
of CsA, respectively and 7± 10%, 6 ± 6% and 2± 4% inhibition with 250, 500,
or 1000 ng/ml of CSH, respectively); Ib) reversal by antibody to TGF-p8 of CsA
associated inhibition of DNA synthesis by MV1 Lu cells 172 ± 9% inhibition with
1000 ng/ml CsA and 18 ± 9% inhibition with anti-TGF-p antibody 10 pg/mll and
1000 ng/ml CsAI; Ic} presence of TGF-,8 bioactivity in cell-free supernatants of
CsA-treated MVlLu cells 176% inhibition with cell-free supernatants dialyzed
against 0.2M acetic acid, lyophilized and reconstituted in serum free medium
and 24% inhibition in the presence of antibody to TGF-P; and {d} detection by
a 'sandwich' ELISA of TGF-P in the supernatant of MVlLu cells treated with
CsA 1475 ± 85 pg/ml, 1724 ± 750 pg/ml and 2851 ± 1536 pg/ml of TGF-f in the
supernatants of MVlLu cells treated with 0, 500, and 1000 ng/ml of CsA,
respectively).
These observations, in addition to demonstrating the ability of CsA to
induce TGF-f production by MV1 Lu cells, suggest a potential mechanism that
links the immunosuppressive activity of CsA with its toxic side effects (e.g.,
fibrosis since TGF-,8 is not only an immunosuppressive protein but is also a
fibrogenic cytokinel.
155
TGF-L Reguilation of C/EBP Transcription Factors: Role in Adiipocyte
Dliffereniatiaon B. J. Aln and R L Sak Department of Anatomy,
Tulane Medical School, 1430 Tulane Ave., New Orleans, LA, 70112
C/EBPa (CCAAT Enhancer Binding Protein) is a basic leucine zipper
transcription factor whose expression: 1) increases during adipocyte
differendation; 2) transactivates several differentiation-specific genes; and 3)
causes growth arrest. Recently discovered members of the C/EBP family (D
and 8) increase shortly after the differentiation stimulus and decrease prior to
increases in "fat" gene or C/EBP-a expression, suggesting an early regulatory
role. We are attempting to elucidate their pattern of expression in our model
system--differentiation of BALB/c 3T3 T proadipocytes. We have found that
TGF-p inhibits the differendation-specific increase in C/EBPa expression, a
similar effect to that which we have seen with "fat" genes, such as LPL and
GPD. The mechanism(s) of action is not known. TGF-p only inhibits the
expression of differentiation-specific genes if added prior to their induction.
This suggests that TGF-p may not inhibit 3T3 T differentiation by directly
blocking expression of differentiation-specific genes, but rather by blocking
an as yet unidentified master regulatory gene(s) [analogous to myoD]. We
hypothesize that the C/EBP family of genes might be involved in this
regulatory cascade. More specifically, we show here that while TGF-I
inhibits C/EBPc expression when added early in the differentiation regimen--
its effects on C/EBP p and 8 are more complicated. In addition, their
expression in differentiation-defective cells appears to be aberrant. We see a
imilar patter of expression for the growth/differentiation regulators TGF-ac
and TGF-p. We are also studying the expression of these genes in
transformed proadipocytes with various growth and differentiation defects.
These studies should shed light on the coupling of growth and differentiation.
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APdentProstateCnosaaCef Phbitcrvtm*dnPoahtedHfirmHum8_I
B. L. Lokeshwar and N. L. Block Department of Urology (M-800), Univerty of
Miami School of Medicine, P.O.Box 0190, Miami, Florida.
Human seminal plasma has been known to contain both growth inhibitory and
growth stimulatory factors. We tried to identify a factor that inhibited DNA
synthesis in some metastatic prostate cancer cell lines. The seminal plama factor
was sensitive to digestion by trypsn but, retamed its actmity after boiling in 1 M
acetic acid for 5 mi. It strongly bound to SP-Sephadex C-50 cation-exchange resin
and was eluted from the resin with 0.5 M NaCL Apparent molecular mass
determination by SDS-PAGE revealed it to be a 25 kDa protein and 13 kDa with
reduction. This protein strongly inhibited DNA synthesis in two androgen.
refrator human prostatic carcinoma cell Ines PCS, DU145 and in the Dunning
R3327G ret prostatic carcinoma cell lines. It was ineffective on the androgen
responsive LNCaP cell line. Proliferation inhibitory activity ofthis seminal plasma
protein was significantly and specifically abolished by preincubation with a
neutralizing anti-TGF-B antiserum. Further identification by immunoblot analys
using the anti-TGF-B antiserum showed that this protein was similar to TGF-B.
The concentration of this protein in seminal plasma was 120 ±:14.7 ng#ml, as
determined by a quantitative proliferation-inhibition assay using several TGF-B
target cell lines. Identifiation of TGF-B-like protein in seminal plasma might
explain the variety of its immunosuppression and growth modulation properties.
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Expression of a novel TGF-pl transcript in Rat Tracheal Epithelial
Cells. L. E. Ostrowski, T. E. Gray, S. H. Randell, and P. Nettesheim,
Laboratory of Pulmonary Pathobiology, National Institute of
Environmental Health Sciences, Research Triangle Park, N.C.,
27709
TGF-pl is a multi-functional polypeptide hormone which is
usually encoded by a 2.5 kb mRNA transcript. We have previously
reported (Steigerwalt et al., Mol. Carcinog. 5:32-40, 1992) that in
culture both normal primary rat tracheal epithelial (RTE) cells and
immortalized RTE cell lines produce three mRNA species (2.5,1.9,
and 1.4 kb) which hybridize to a mouse TGF-pl cDNA. The focus
of this work was to characterize the expression of the 1.4 kb
transcript. This transcript is not detectable by Northern analysis of
normal adult tracheal epithelium. However, the 1.4 kb transcript
was expressed in an in vivo tracheal transplant model. Mapping
experiments using subdones of the mouse TGF-pl cDNA suggest
that the 1.4 kb transcript contains the complete TGF-pl coding
sequence, but is truncated in the 5' untranslated region. It has been
suggested that translational inhibitory elements present in the 2.5
kb transcript may be absent from the shorter transcripts and lead to
increased production of TGF-frl protein under conditions of tissue
injury and/or repair. We are currently examing the expression of
this novel transcript in tumors and studying its regulation in
vitro.
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Regulation of Epidermal Growth Factor Receptor in Rat Tracheal
Epithelial (RTE) Cells as a Function of Proliferative State. M..M.
Doherty. P. Nettesheim.and P. C. Ferriola. Department of Pathology,
University of North Carolina-Chapel Hill and National Institute of
Environmental Health Sciences, Research Triangle Park, NC 27709.
Transformed RTE cells express Epidermal Growth Factor receptor(EGFR) and its ligand, Transforming Growth Factor alpha (TGFa),
which acts as an autocrine growth factor. We have examined EGF
receptor expression and function in two chemically transformed
RTE cell lines which regulate TGFa production as a function of
proliferative state. Scatchard analysis of equilibrium binding data
indicate that the neoplastic EGV5T cell line expresses high and low
affinity receptor populations during logarithmic growth. High
affinity receptor number decreases by 59% from 10,200 to 6000
receptors/cell and Kd increases by almost five fold from 0.lOnM to
0.47nM as cells enter plateau growth phase. In contrast, parameters
of the low affinity sites remain unchanged (Kd=4-6nM; Receptor
number=20-30,000/cell). A pre-neoplastic RTE cell line (EGVIO)
expresses a single low affinity receptor population during
logarithmic growth with a Kd of 2-3nM but expresses both high and
low affinity sites once cells have entered plateau growth phase.
Acid washing of EGV10 cells in logarithmic growth unmasks high
affinity receptors indicating occupation of receptors by
endogenous ligand. Binding parameters in EGV5T cells or plateau
phase EGVIO cells are unchanged by acid washing. These data
indicate that although both EGV5T and EGV1O cells possess an
autocrine EGFR/TGFa pathway, regulation of EGFR activity is
mediated differently in the two cell lines. Supported by NIH grant
ES 07017.
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Isolation of an Endogenous Antisense mRNA to TGFB3 from Chick
Heart E. B. vincent#. J.D. Potts*, R. B. Runyan*, and D. L.
weeks# Departments of Anatomy* and Biochemistry#, University of
Iowa, Iowa City, Iowa 52242 and Department ofAnatomy and Cell
Biology', USUHS, Bethesda, MD 20814
In the developing chick heart, one of the crucial processesinvolved in heart formation is the differentiation and induction of
endothelium into mesenchymal precursors of the heart valve and
membranous septa. This process is both spatially and temporally
controlled. TGFB3 has been identified as one of the factors involved
in the induction of heart valves during chick development. TGFB3
encoding mRNA is present in the heart during valve formation and is
concentrated in regions destined to become thc valves. We haveidentified amRNA complementary to TGFB3. The steady state levels
of this antisense transcript increases as the ability to induce endothelial
cells into mesenchymal cells is lost. The possible regulatory effects of
this antisense TGFB3 both as a participant in hybrid fonnation with
TGFB3 mRNA and as a source for protein encoding transcript have
been investigated.
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Betacellulin: A Novel Mitogen From Pancreatic Tumor Cells.
Y. Shing, G. Christofori, D. Hanahan, Y. Ono, R. Sasada, L
Igarashi, and J. Folkman. Harvard Medical School and Children's
Hospital, Boston, MA, University of California, San Francisco,
CA, and Takeda Chemical Industries, Ltd, Osaka, Japan.
A new member of the epidermal growth factor (EGF) family,betacellulin, has been purified from the conditioned media of
insulinoma cell lines. These cell lines were derived from trans-
genic mice that express SV40 T antigen under control of the rat
insulin promoter, and reproducibly develop 1& cell tumors in the
islets of Langerhans. Betacellulin was identified while we were
studying the mechanism of switching to the angiogenic pheno-
type. It was purified by BioRex 70 chromatography, phenyl-
Sepharose chromatography, heparin affinity FPLC, and C4 reverse
phase HPLC. Purification was guided by [3Hlthymidine incorpora-
tion into Balb/c 3T3 cells. Purified betacellulin is a single chain
glycoprotein with a molecular weight of approximately 32 K.
Molecular cloning of the cDNA reveals that betacellulin is a
secreted growth factor presumably derived from a larger trans-
membrane precursor by a novel proteolytic cleavage. The mRNA
for betacellulin is widely expressed in different tissues of the
mouse. It is also detected in a number of tumor cell lines. The
mature betacellulin has 80 amino acids and contains a 50-amino
acid C-terminal domain which has 50% homology to rat trans-
forming growth factor a (TGF-a). Betacellulin is a potent mitogenfor retinal pigment epithelial and vascular smooth muscle cells.
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Interactions Between the TGF-Bt and Retinoic Acid Signal Transduction Pathways in
Embryonic Palatal Tissue. p.F. Nugent and R.M. Greens, Department of Anatomy
and Developmental Biology, Thomas Jefferson University, Philadelphia, PA 19107.
Transforming growth factor-B (TGF-B) and retinoic acid (RA) have been
implicated in normal and abnormal developnent of the murine secondary palate. We
have investigated interactions between their respective signal transduction
pathways in primary cultures of murine embryonic palate mesenchymal (MEPM)
cells treated with all-trans retinoic acid (0.01-1.0 gsg/ml), TGF-81, 82 or 83
protein (10 ng/ml) for up to 32 hours. Total cellular RNA was subjected to
Northern blot analysis and filters hybridized with cDNA probes for TGF-B3, type
III TGF-8 receptor (Drs. Lodish and Un, Whitehead Institute), cellular retinoic acid
binding protein-I (CRABP-1) (Dr. Gudas, Cornell Medical School), histone H3 and
tenascin (Dr. Saga, Tsukuba Ufe Science Center, Japan). Histone H3 and tenascin
gene expression were used as indicators of cell proliferation and extracellular
matrix formation, processes critical to normal development of the palate. Retinoic
acid induced a dose-dependent up-regulation of TGF-B3 (within 5 hours) and type
III TGF-8 receptor mRNAs and a dose-dependent down-regulation of the CRABP-I,
H3 and tenascin mRNAs (after 24 hours). Similar effects on gene expression were
seen following treatment with TGF-8 protein, with the exception of tenascin mRNA
levels which were up-regulated by TGF-B. These patterns of gene expression
suggest that RA and TGF-8 exert similar effects on at least some aspects of the
TGF-B and RA signal transduction pathways. The differential time course of RA
effects on TGF-B3 and CRABP-I, and recent evidence from the laboratory of L.
Gudas (J. Cell Biol. 112 95-975) that CRABP-I may attenuate the effects of RA
on cells, suggest that RA may amplify its effects on palate mesenchyme throughlocal production of TGF-B and suppression of CRABP-I expression. In view of the
effects of RA and TGF-8 on cell proliferation and tenascin gene expression,
perturbation of either signal transduction pathway may be important in the
etiology of craniofacial abnormalities. Supported in part by NIH grant DE09540.
28a
Monday. Transforming Growth Factors (162-164)
162
Enhanced Prostaglandin Synthesis and Stabilization of Cyclooxy-
genase Messenger RNA in Cytokine Induced Bovine Endothelial
Cells. B.A. Jackson, L. Taylor, R. Roy, D. Ricupero, and P.
Polgar, Department of Biochemistry, Boston University School
of Medicine, Boston, MA 02118. (Spon. by P. Toselli)
Enhanced biosynthesis of prostaglandin (PG) is a major event
in the inflammatory response. Proinflammatory cytokines, such
as interluekin I (ILl), are known to dramatically augment PG
synthesis. This cytokine induced PG synthesis has been shown to
be the result, in part, of increased phospholipase A activity.
In this study we have examined the effect of the cytokines
ILl and TGF-beta, and the vitamin retanoic acid (RI) on PG syn-
thesis relative to the enzyme cyclooxygenase (COX). We have
found that both cytokines, and retanoic acid markedly increase
the COX mediated conversion of arachidonate to PG in quiescent
bovine endothelial cells (qBEC). Western blot analysis of qBEC
extracts showed a concomitant increase in COX biosynthesis as
well. In addition, Northern blot analysis of qBEC treated with
actinomycin D and cytokine showed that COX messenger RNA (mRNA)
was rendered exceedingly stable, with no turn over of the mole-
cule after 12 hours. Moreover, qBEC treated with retanoic acid
synthesized a COX protein higher in molecular weight than that
synthesized in cytokine induced cells.
These data suggest that COX mRNA stability is a facet in
the regulation of the gene itself, and therefore PG synthesis.
Further, the appearance of a high molecular weight COX protein
in RA treated qBEC suggests alternative splicing of COX mRNA or
alternative post-translational processing of protein.
163
Activation of Transforminz Growth Factor 131 (TGF 13) and Stromal
Extracellular Matrix Remodeling are Induced by Radiation. M.H. Barcellos-
Hoff, Life Sciences Division, Lawrence Berkeley Laboratory, University of
California, Berkeley, CA 94720
In this study, in vivo radiation exposure is shown to elicit rapid and
biologically significant changes in TGF [. Immunofluorescence was used
to localize protein in female Balb/c murine mammary gland. Activated TGF
increased in epithelia and periepithelial stroma and was newly evident in
the adipose stroma within 1 hr of whole body exposure to 5 or 10 Gy of 6'Co
y-radiation. This pattern of expression persisted for 7 days. TGF latent
associated peptide decreased in a reciprocal fashion, suggesting that radiation
exposure leads to activation of TGF [. This interpretation is supported by
evidence of biologically active TGF as indicated by remodeling of the
stromal extracellular matrix. Tenascin, which is absent from the adult
mammary gland, was induced at the epithelial/stromal interface at day 1 and
persisted for 7 days post radiation exposure. Its mRNA abundance was also
elevated. Collagen III underwent dramatic reorganization, including novel
expression in the adipose stroma that colocalized with expression of activated
TGF [3. Laminin, collagen IV and fibronectin were unaffected. Together
with the known biochemical actions of TGF ,31 on extraceilular matrix
production, the sequence and pattern of these immunohistochemical changes
suggest that radiation activates TGF [31, which subsequently remodels the
stromal extracellular matrix. These data demonstrate a means of assessing
the abundance of latent TGF and a physiological model for its activation.
1"
Protection of TNF Cytotoxicitv by TGF-i1 in Murine
Fibrosarcoma Cells. N. -S. Chano, Laboratory of Molecular
Immunology, Guthrie Research Institute, Sayre, PA 18840
(Spon. by D.H. Beezhold)
Molecular mechanisms by which TGF-01 protectsfibrosarcoma cells from TNF cytotoxicity are not understood.
Murine L929 fibroblasts could be induced for TNF-a resistance
by pretreating with TGF-f1 (0.5-50 ng/ml) in both a time- and
dose-dependent manner. The protection of L929 cells from TNF-
cytotoxicity was not due to down-regulation of TNF-receptors
by TGF-P1. Instead, gene expression of the type 1 TNF-
receptor was up-regulated by TGF-pl. The induced TNF-
resistance could be reversed by treating L929 cells with
dexamethasone, brefeldin A, or tyrosine kinase inhibitors,
such as genistein, lavendustin A and tyrphostin. However,
staurosporine failed to block TGF-f1 induced TNF-resistance,indicating that activation of protein kinase C was not
involved. sy immunoprecipitation using monoclonal antibodies
against phosphotyrosine, it was found that TGF-01 increased
protein tyrosine-phosphorylation by 2-3 folds, in which
phosphorylation of several protein species were suppressed by
tyrosine kinase inhibitors. In contrast, tyrosine kinase
activation was not demonstrated in an intrinsically TNF-
resistant L929 subline (L929R) when treated with TGF-pi.
Unlike the L929R subline, the induced TNF-resistance in L929
cells was not stable and readily abolished by treating the
cells with trypsin/EDTA. cDNA libraries were constructed from
TGF-f1 treated L929. Following transfection, expression and
functional selection with TNF resulted in the identification
of 4 cDNA species from the resulting TNF-resistant cell
colonies. Gene expression of one of the cDNAs was found to be
TGF-P1 inducible in L929. Functional properties of the cDNAs
and their sequences are currently under investigation. The
induction of expression of these gene products by TGF-l1 may
be responsible for conferring TNF resistance.
Cell Cycle Control (165-166)
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GTPase cycles and an SH3-domain-containing protein in
yeast cell polarity development. D. Mack. J. Peterson.
D. Fouts, and A. Bender, Department of Biology, Indiana
University, Bloomington, IN 47405.
The process of bud emergence in yeast involves a cell-
cycle regulated development of directional cell growth.
Using a variety of approaches, we have identified a number
of genes and genetic interactions implicated in bud
emergence. The products of the genes that we have
identified can be organized into three principal groups:
1) those that control the GTPase cycle of the ras-related
protein Rsrl p/Budl p, 2) those that control the GTPase
cycle of the rho (ras-homologous) protein Cdc42p, and
3) the SH3-domain (src homology)-containing protein
Bemi p. Members of each of these groups interact
genetically (by either multicopy suppression or synthetic
lethality) with members of both other groups. These
findings suggest potentially tight interactions between,
on the one hand, a ras GTPase cycle and a rho GTPase
cycle, and on the other hand, between an SH3-domain-
containing protein and both a ras and a rho GTPase.
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Characterization and Cloning of a New Female Sterile Locus in Drosophila
melankgua D.P. O l and A.P. Mahowald2, 1Department of Genetics,
Case Western Reserve University, Cleveland, OH 44106, 2Molecular
Genetics and Cell Biology, University of Chicago, Chicago, IL 60637.
We have identified a new female sterile locus at the site of a P-lacZ
element on the second chromosome. A series of small deletions generated
by imprecise excision of the P-lacZ element was used to aid the cloning of
the gene associated with the female sterility. Females homozygous for a
deledon which only removes this locus lay eggs which cease development
after 3-4 mitoses. cDNAs derived from this gene have been isolated and
DNA sequence analysis has shown homology between this gene and the [3-
subunit of heterotrimeric G-proteins. While deletion of the gene is
associated with a phenotype only in early embryos, northern blot analysis
indicates the mRNA is present at all stages of development. Antibodies
raised against fusion proteins have shown the protein is expressed not only
in early embryos but at all stages of development analyzed. It is located in
interphase nuclei but is found throughout the cell during mitosis. These
results indicate that this gene is non-essential for viability but is critical for
the successful completion of the early cleavage divisions of the embryo.
(Supported by NIH-17608 and T32-HD-7104).
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Identification and Isolation of a Unigue Family of 01 Phase-Abundant cDNAs
Encoding Zinc Finger Proteins by Subtractive Hybridization. S.P. Su and R.C. Bird,
Dept. of Pathobiology, Auburn University, AL 36849
A novel GI phase-abundant cDNA (hGl .16) has been identified and isolated
from a 01 phase enriched HeLa cDNA library prepared by subtractive hybridization.
Two populations of mRNAs representing G1 phase and S phase were isolated from
synchronous HeLa S3 cells following centrifugal elutriation. Cell synchrony was
confirmed by propidium iodide staining and flow cytometry. The cDNA library was
constructed in XgtlI from G1 phase enriched cDNA after subtraction of the first
strand with S phase mRNA. This subtraction technique was used to prepare 32p
labeled 01 phase cDNA probe populations to screen the cDNA library. Among 200
positive clones, 16 hybridized strongly and were plaque purified for further
characterization. One 01 phase-abundant cDNA, hGl.16, was identified and the G1
phase-specificity of its expression confirmed by northern blot analysis of mRNAs
isolated from synchronous HeLa cells in either G1 or S phase. hGl.16 hybridized to
mRNAs of approximately 520-550 bp. These mRNAs were also detected in normal
human W138 fibroblasts. Southern blot analysis of DNA from several human cell
lines revealed multiple bands suggesting that hOG. 16 was a member of a multigene
family. The complete 359 bp sequence of hGl .16 has been determined and a
homology analysis search of GenBank revealed it to be a novel sequence. A putative
open reading frame, encoding a C2-C2 Zinc-finger and a highly positively charged
peptide region, was found at the carboxyl terminal of the inferred translation product
derived from the cDNA sequence. From the results of northern blot, genomic
southern blot, and DNA sequence analysis, hGl.16 appears to represent a member of
a previously unidentified gene family with structural similarities to DNA binding
proteins. The significance and biological activity of this new gene as well as its impact
on the cell cycle, differentiation, and development is being investigated in an analysis
of its structural similarity to other DNA-binding proteins. (Supported by NIH).
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Traversing the GI to S Phase Transition of the Eukaryotic
Cell Cycle: A Biochemical Investigation of the Cdc7 Protein
Kinase. A. L. Brown and R. A. Sclafani. Department of
Biochemistry, Biophysics, and Genetics, University of Colorado
Health Sciences Center, Denver, CO 80262.
The Cdc7 protein is a nuclear serine/threonine protein
kinase which appears to function at the last step of the
mitotic GI phase, and is essential for the inititation of DNA
replication in the S phase of the S. cerevisiae mitotic cell
cycle. The level of Cdc7 protein remains constant
throughout the cell cycle, but Cdc7 protein kinase activity is
regulated, with activity being confined to the S phase of the
cycle. This regulation may be the result of an interaction
with the Dbf4 protein. The Dbf4 transcript level varies with
the cell cycle, with maximam transcript levels appearing at
the GI/S boundary(1). The Dbf4 protein appears to interact
directly with the Cdc7 protein, and is essential for Cdc7
protein kinase activity. The Dbf4 protein therefore may be
a Cdc7-specific cyclin which activates Cdc7 at the Gl/S
phase boundary for the transition into S phase for the
initiation of DNA replication.
168
Intracellular C25' Pool Content and Control of Go to G1 Transition, Donald L.
Gill. Alison D. Short. Richard T. Waldron. Tarun K. Ghoth. and Junhui Bian.
Department of Biological Chemistry, University of Maryland School of Medicine,
Baltimore, MD 21201, USA
Experiments reveal an important correlation exists between the Ca2' content of
Ca + signaling pools and cell proliferation. Using cultured DDT1MF-2 smooth
muscle cells, Ca2' pool content was manipulated with 3 specific Ca2+ pump
blockers: thapsigargin (TG), 2,5-Di-tert-butylhydroquinone (DBHQ), and cyclo-
piazonic acid (CPA). TG irreversibly blocked intracellular Ca2+ pumping, per-
sistently emptied the inositol 1 ,4,5-trisphosphate (InsP3)-sensitive Ca2+ pool, and
prevented DNA synthesis and cell proliferation; the EC for each effect was 10
nM. TG-treated cells remained viable with normal [Ca +]- levels for >3 days;
even the effects of brief (30 min) TG treatment persisted after successive
medium changes. DBHQ effected identical changes in Ca2+ pumping, pool
emptying, DNA synthesis, and cell proliferation; the ECse values again exactly
coincided (3 pM for each effect). CPA effected changes identical to DBHQ.
Unlike TG, the effects of DBHQ and CPA were reversible; after washing away
DBHQ, Ca2+ pumping was rapidly restored, the InsP3-sensitive pool refilled, and
DNA synthesis resumed 14-16 hr later followed by a return to normal cell
proliferation. Interestingly, the actions of TG could be reversed by treating cells
with TG-free medium containing 20% serum (c.f 2.5% serum normally). After
such treatment, the TG-sensitive Ca2+ pool returned in 6 hours, and DNA
synthesis resumed 14-16 hours later. If TG was present with high serum, neither
Ca2' pools or DNA synthesis resumed. Serum-induced de novo Ca2+ pump
synthesis likely accounts for reappearance of the Ca2+ pool. Thus, there is a
precise correlation between Ca2+-signaling pools and cell growth. The effect on
growth may reflect absence of an ER-derived Ca2+ signal necessary for cell cycle
transition of cells from Go to GI (NIH grant NS19304; NSF grant DCB8906623).
170
The Role of Phosphorylation in Cell Cycle Regulation of
the Cdc7 Protein Kinase. I.E. Schauer and R.A. Sclafani.
Department of Biochemistry, Biophysics, and Genetics,
University of Colorado Health Sciences Center, Denver,
CO, 80262.
Cdc7p of S. cerevisiae is a 58kD serine/threonine
protein kinase that is required for transition from GI to
S phase in the mitotic cell cycle. Cdc7 kinase activity is
regulated posttranslationally during the cell cycle with
maximum activity at the GI/S boundary. It has been
suggested that phosphorylation of Cdc7p by the Cdc28
protein kinase may be involved in this regulation. We
have addressed this possibility by using in vitro
mutagenesis of the cdc7 gene to eliminate potential
Cdc28 phosphorylation sites and characterizing the
resulting mutant Cdc7 protein kinases genetically and
biochemically in terms of kinase activity,
phosphorylation state, and ability to promote the G 1 to
S phase transition in vivo.
1. Kitada, Kunio, L. H. Johnston, T. Sugino, and A. Sugino. (1992)
Genetics 131:21-29.
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Isolation of an Extragenic Suppressor of cdc7 and dbf4
Temperature-Sensitivities in Yeast. P.M.B. Pahl, and
R.A. Sclafani, Department of Biochemistry, Biophysics
and Genetics, University of Colorado Health Sciences
Center, Denver, CO 80262.
Cdc7 is a 58kD kinase which has been
demonstrated to be essential at the Gl/S transition in
the mitotic cell cycle for initiation of DNA synthesis.
Dbf4 is also required at the Gl/S transition, and may
interact directly with Cdc7 (1). In order to further
study the regulation and functions of these two
proteins, a single extragenic suppressor of the
temperature-sensitivity in both cdc7 and dbf4 mutants
has been isolated. The suppressor, bos1-1, was
generated by chemical mutagenesis with EMS. Genetic
characterization of bos1-1 has shown that it is a
recessive bypass suppressor. bosl-1 can rescue the
synthetic lethal dbf4 cdc7 double mutant. A model for
suppression by bosl-1 is presented.
1. Kitada, K., Johnston, L.H., Sugino, T., and Sugino, A.
Genetics 131, 21-29 (1992).
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Cyclin A Association with cdk2 in Xenogus Cells S.B. Sleight and
J.L. Maller. Howard Hughes Medical Institute, University of Colorado
School of Medicine, Denver, Colorado 80262.
Since the purification of maturation-promoting factor (MPF)
progress in the cell cycle field has been rapid. MPF consists of the
cell cycle kinase, cdc2, and its associated regulatory subunit, cyclin
B. Dephosphorylation of cdc2 at tyrosine 15, and possibly threonine
14, by the cdc25 gene product results in activation of the complex
at mitosis. In yeast, it appears that cdc2 homologs regulate cell cycle
transitions both at START and at the G2/M boundary. However, in
higher eukaryotic systems other cyclin-dependent kinases (cdk) also
appear to regulate passage through the restriction (START) point and
entry into DNA synthesis. One such kinase is cdk2 (Egl), first
identified by Philippe et al. Human cdk2 has been reported to
associate with cyclin A during the S and G2 phases of the cell cycle.
We have investigated the association of cdk2 with cyclin A in the
Xenopus XTC cell line. Immunoprecipitation of cyclin A followed by
a cdk2 Western reveals that cyclin A associates with cdk2 in cells
blocked in S-phase, and immunofluorescent detection of cdk2 in
these cells reveals a predominantly nuclear localization. Whether
cyclin A co-localizes with cdk2 in the nucleus is currently under
investigation. Data from interphase-blocked egg extracts suggest
that cyclin A and cdk2 associate under these conditions but not in a
metaphase extract. The results suggest that cyclin A may also be
regulating cdk2 activity during activation of the G2 restriction point
in the embryonic cell cycle.
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The retinoblastoma gene product regulates c-f.
expression in T lymphocytes without binding to DNA. Lisa
K. Felzien and Stephen Benedict. Departments of Pharmacology
and Toxicology, Physiology and Cell Biology and Division of
Molecular Genetics, University of Kansas,Lawrence, Kansas, 66047
The product of the retinoblastoma tumor-suppressor gene (pRb)
negatively regulates transcription of the proto-oncogene c-fn. The
target of this regulation is aDNA sequence element [RCE] located 90
base pairs upstream of the start of transcription. We show that in
human peripheral T lymphocytes, pRb does not regulate c-foa by
binding directly to DNA. Rather, hypophosphorylated pRb interacts
with additional DNA binding proteins, the RCF-T complex, and
prevents this DNA binding complex from interacting with the RCE
DNA element This complex does not contain E2F or Spl
transcription factors. Within 10 min of mitogenic stimulation, pRb
becomes hyperphosphorylated and releases the RCF-T complex,
allowing it to bind DNA. Overexpression ofpRb inhibits gene
expression driven by the c-fn RCE. A mutant of pRb, inactivated in
the pRb transfonning region also inhibited expression driven by the c-
fm RCE DNA element. Peptide competition experiments suggested
that the interaction ofpRb with the RCF-T complex is mediated
minimally by two hydrophilic regions of pRb that are not included in
the pRb transformation specific domains. Thus, in addition to the
already described regulation of the cell cycle at Gl/S by pRb, transient
inactivation of the pRb protein in T cells may also be important earlier,
as resting cells overcome an additional Rb block to leave GO.
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Identifi'cation of a Novel Gl Cyclin in Human Tumor Cells.
R.T Williams. L Wu. D.A. Carbonaro-HalL V.T. Tolo, and FL Hall,
Division of Orthopaedic Surgery, Childrens Hospital Los Angeles,
University of Southern California School of Medicine and School of
Pharmacy, Los Angeles, California 90027.
Cyclins are key regulatory proteins that, in concert with cyclin-
dependent protein kinase subunits (cdks), function to govern critical
transitions during the course of cell cycle progression. Recently, a
number of putative mammalian G1 cyclins have been characterized at
the molecular level; however, the specific activities of the cdk complexes
and the biochemical pathways regulated by the Gl cyclins remains to
be elucidated. In the present study we identify a novel G1 cyclin in
pediatric bone and extremity tumors that appears to be related to, but
is clearly distinct from, previously identified members of the cyclin D
family, as determined by its profile of antibody cross-reactivity, apparent
molecular size, chromatographic behavior, physicochemical properties,
and pattern of peptide mapping. This 46 kDa cyclin, designated Cyclin
X is first expressed in synchronized MG63 osteosarcoma cells in mid
GI, well after the induction of P36YClln DI yet prior to the induction of
cyclin E and cyclin A. The p46wlnx protein in Ewing's Sarcomas and
Wilms' tumors is electrophoretically and chromatoraghically distinct
from both p36cOin D1 and p34cgoin D2. The p46 irn protein is 1)
precipitated by p9k"h-agarose beads, 2) physically associated with
p33 , and 3) autophosphorylated in in vitro kinase reactions. Taken
together, with the biochemical data, the temporal expression of the
p46oin x/p33 kinase system is suggestive of a potential role in
regulating latter G1 events (i.e., START) in the commitment to S phase.
177
Maturation Promoting Factor Inactivation in Electrically Stimulated Bovine
Oocytes. P. Collas. E.J. Sullivan and F.L. Barnes. GenMark, Inc., 421
Wakara Way, Suite 201, Salt Lake City, UT 84108. (Spon. by R.F. Gestland).
The influence of number of electrical stimulations on the profile of
maturation promoting factor (MPF) activity in bovine oocytes was studied.
Oocytes matured in vitro for 29 h were electrically stimulated in 0.30 M
mannitol (100 1AM Ca2l) with 1, 3 or 6 pulses of 0.2 kVcm- for 20 js, each
pulse 22 min apart. They were frozen every hour from 0 to 8 h after the first
pulse and assayed for histone Hi kinase activity. MPF activity was quantified
using a densitometer and expressed as a percent of activity in non-pulsed
oocytes. Pulsing oocytes without Ca2l did not inactivate MPF. In presence of
Ca2', however, MPF was rapidly inactivated after electrical stimulation. A
single pulse decreased MPF activity to 44i±1% in 1 h. However, MPF was
dramatically reactivated from 2 to 6 h, reaching 122±22%. With 3 pulses MPF
inactivation was accelerated (30 min) and basal activity was 21±3% to
25±3%. MPF reactivation started at 4 h and level of activity reached 38± 15%
at 8 h. Six stimulations also led to rapid MPF inactivation and a basal activity
of 14±0.4%; however, MPF remained inactive over at least 8 h. The basal
MPF activity obtained with 6 pulses was similar to that of in vitro fertilized
oocytes. This suggests that MPF reactivation was caused by the stimulation
procedure. The data indicate that MPF activity can be regulated by the number
of stimulations in the presence of Ca2'. A single stimulation is sufficient to
trigger MPF inactivation. Increasing the number of pulses, however, increases
the rate ofMPF inactivation and can prevent MPF reactivation early in the first
cell cycle.
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Regulation of Protein Synthesis and Un-Regulation of c-fos and c-myc in Variant
S-49 Cyc- Lymahomas Arrested in G1 by dmPGAi, M Hughs-Fulford, 2.
McCaffryad ilM University ofCalifomia lMdical Center, San Francisco,
and Department of Veterans Affairs Medical Center, San Francisco, CA 94121
Prostaglandins (PG's) containing an a,R unsaturated ketone moiety in the
ring structure are recognized as potent growth inhibitors. Work of others has
suggested that the mechanism of action is through c-AMP. In order to eliminate
the role of c-AMP in the dmPGA1 cell cycle arrest, we used variant S-49 cyc-
cells that do not have active adenylate cyclase. After 24 hours of exposure to
PG, flow cytometry showed a dramatic loss of S-phase DNA synthesis with
treatment resulting in 85-90% cf the cells beng arrested in G1. Thiz treatment
is not toxic since calo cycle arrest is quickly reversed b? romoving the
prostaglandin from the media. Within 2 hours after removal, the cells are in
active DNA synthesis and the cell number doubles within 16 hours suggesting
rapid entry into S-phase DNA synthesis from the G1 cell cycle block. Slot blot
analysis of messenger RNA demonstrated that c-fos and c-myc oncogenes are
up-regulated during cell cycle arrest. In addition to the up-regulation of these
growth oncogenes, 2-D analysis of relative S35 methionine incorporation into
cell proteins after 24 hours of treatment demonstrated consistent increased
synthesis of three proteins. Using DATAOUEST analysis we found that the
relative protein content of the three proteins increased with increased uM
concentration of PG. There was also reduced incorporation of 4 proteins
including cyclin in the 24 hour treated cells accompanied by a decrease in
protein synthesis of three proteins with increasing concentrations of PG. These
data suggest that PG growth inhibition is regulated by a reversible, non-cyclic
AMP regulated mechanism. The G1 arrested cells have increased amounts of c-
fos and c-myc and are able to rapidly resume DNA synthesis after release from
the block, making this an excellent model to study the molecular mechanisms
of the transition from G1 to initiation of S-phase DNA synthesis.
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Isolation of two cdc2 cDNAs from Dictlostelium
Discodeum C. ica 2and Weeka13 Departments of
Microbiologyl and Medical Genetics 3 University of British
Columbia, Vancouver, B.C., V6T IZ3, Canada and 2lnstitut fur
Biologie m der Albert-Ludwigs Universitat Freiburg Schlinzlestr. 1,
D-7800 Freiburg, Germany.
It has been suggested that the cell cycle is important in cell
type determination in Dictyostelium discoideum differentiation. In
order to further understand this phenomenon we have initiated a
molecular study of the Dictyostelium cell cycle. A cdc2 homologous
sequence has been amplified by the polymerase chain reaction and
used to isolate several cDNA clones. A cDNA containing the entire
coding sequence complemented the temperature sensitive cdc28
mutant of S. cerevisiae, although growth of the transformants was
slow and limited. Southern blot analysis of restriction digests
provided evidence that it is a single copy gene. At lower stringency
multiple fragments were detected, suggesting the existence of a cdc2
gene family and PCR was used to test this possibility. A PCR
fragment encoding a second gene, Dd cdc2b, was cloned and the
cDNA isolated. The two Dictyostelium proteins are 61% identical to
each other and 60-67% identical to Cdc2 and Cdk2 of other species.
Both genes are developmentally regulated and maximally expressed
during differentiation, suggesting a possible role of the gene products
during differentiation.
178
Nuclear Localization of the Ubiquitin-Activation Enzyme, El. is Cell Cycle
Da ent. S.J. Grenfell, J.S. Trausch, P. Handley-Gearhart, A.
Ciechanover and A.L. Schwartz. Washington Univ., St. Louis, MO 63110,
USA and Technion-Israel Inst. Technol., Haifa, Israel. (Spon. by F.S.
Cole).
Mechanisms regulating the ubiquitin-mediated degradation of cell
cycle specific proteins are poorly understood. The initial step in the
conjugation of ubiquitin involves the activation of ubiquitin by the ubiquitin-
activating enzyme, El. In a previous study, we have found El distributed
in both nuclear and cytoplasmic compartments. Most recently we have
examined the distribution of El during the cell cycle using immuno-
fluorescent microscopy and subcellular fractionation ofHeLa cells. Nuclear
El staining is absent in GO arrested cells. El is both cytoskeletal and
nuclear during Gi. As the cells progress into S phase, El is exclusively
cytoskeletal, and has a perinuclear distribution. Durinfg G2, El reappears
in the nucleus prior to breakdown of the nuclear envelope. In mitotic cells
El localizes to both the mitotic spindle and the cytosol. Immunoblot
analysis of HeLa whole cells extract reveals multiple El species. This
heterogeneity is not the result of polyubiquitination and may represent
inactive pools of El. Only the characteristic El doublet is able to activate
ubiquitin. Cell fractionation studies reveal a differential distribution of the
El species troughout the cell cycle. Therefore, we propose that the
subcellular loalization of El may play a role in regulating cell cycle
dependent conjugation of ubiquitin to target proteins.
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Use of Artificial Chromosomes to Study Cell Cycle
Events in Yeast. C.L. Alfano and R.W. Davis,
Department of Biochemistry, Stanford University
School of Medicine, Stanford, CA 94305
(Spon. by R.W. Davis.)
We have constructed artificial chromosomes in
S. cerevisiae designed to identify gene products
involved in DNA synthesis and control of entry into
mitosis. These linear chromosomes contain
replication origins, selectable markers, and a
centromere on their ends, and a large central region
devoid of origin function. The ADE2 gene is present
on the arm opposite the centromere, allowing a
visual color screen for maintenance of this end of
the chromosome. Large molecular weight DNA free of
origin function was obtained by using M. xanthus
genomic DNA which is high in G+C base content. The
largest artificial chromosome obtained having only
two origins located near each end of the chromosome
is 200 kb. Chromosomes from 100 to 200 kb in size
show a steadily increasing rate of sectoring.
Experiments are underway to determine if color
sectoring due to chromosome breakage is coupled with
a cell cycle delay. A set of characterized mutants
involved in DNA synthesis and cell cycle progression
is being tested for effects on the stability
of these artificial chromosomes. The phenotypes
observed will aid in determining the conditions to
be used in a screen for novel mutants.
181
Developmental Control of the CellCycle During Male Meiosis. M.T.Fuller.
T-Y. Lin. and S. Viswanathan. Department of Developmental Biology,
Stanford University School of Medicine, Stanford CA 94305.
Regulation of the cell cycle is modified in both males and females for
the specialized requirements of gametogenesis.The mechanisms that regulate
the cell cycle during male meiosis are poorly understood in any organism. We
have identified three mutants in Drosophila that block progression from G2 to
prometaphase of meiosis I in males.The mutations identify three separate
genes, always early, cannonball, and spermatocyte arrest. In males
homozygous for mutations in any of these genes, mature primary
spermatocytes accumulate, andno post meiotic cells are observed. The cells
that accumulate in the mutants arrest during the G2/M transition for meiosisI,
after the bivalents have begun condensation, but prior to full chromosome
condensation, breakdown of the nucleolus, and degradation of cyclin A. In all
cases, homozygotes are viable and females are fertile, suggesting that the
genes may be required only during spermatogenesis, and raising the possibility
that the cell cycle may be under different genetic control in male meiosis than in
mitosis or in female meiosis. Single mutant, double mutant, and triple mutant
combinations have similar phenotypes, indicating that the genes are not
redundant in function. The phenotypes of the three mutants reveal the
existence of animportant cell cycle control point within the transitionfrom G2
to prometaphase for meiosis I in males. The three mutations could cause
defects that evoke a checkpoint system that blocks cell cycle progression at this
control point. Alternatively, the products of the always early, cannonball, and
spermatocyte arrest genes could act either directly or indirectly as positive
regulators of cell cycle progression through the control point in male meiosis.
183
Phorbol Esters Block Growth of Human Fibroblasts at a Point in Gi
after the Induction of 'Immediate-Early' Genes,N. Bi, JL.lntt
S.L Nicholson andM.D. Mamrack Department of Biological
Sciences, Wright State University, Dayton OH 45435.
WS-1 cells are diploid fibroblasts derived from embryonic
human skin. WS-1 cells quiesce after 48 h in serum-free medium.
The subsequent addition of thrombin or serum stimulates cells to
begin S-phase about 18 h later. The "immediate-early' genes c-fos
and c-jun are induced within 1 h of treatment with thrombin or
serum. Phorbol esters (PMA: phorbol-12-myristate-13-acetate;
PDBu: phorbol-12,13-dibutyrate) inhibit the entry of WS-1 cells into
S-phase when added at the same time as serum or thrombin
(Hendey & Mamrack, 1991, J. Cell. Physbol. 148:290-297).
However, PMA also increases c-fos and c-jun transcripts within 1 h
of addition, suggesting that the block in cell cycle progression
caused by PMA occurs after the induction of the'immediate-earlym
genes. Phorbol ester treatment of rapidly growing WS-1 cells
increases cells in the GI-phase. The block imposed by PDBu(2(0nM) In the Gi-phase ls reversible. Cells were treated (time = 0
h) with PDBu for times ranging from 0 to 24 h, washed, and given
fresh media. At time =24 h, cells were analyzed by fluorescett cell
counting. A large fraction of cells appeared In S-phase 18 h to 22 h
after PDBu was removed, suggesting that cells were blocked by
PDBu at a specfifc point in GI. These results suggest that phorbol
esters can reversibly block the growth of human fibroblasst at a
point in GI after the induction of 'immediate-early' genes.
180
Evidence for a Stable Form of the c-mos" Protein in Xenoous Oocvtes and
Eags. L.M. Roy. A.L. Lewellyn. and J.L. Maller. Howard Hughes MedicalInstitute, University of Colorado School of Medicine, Denver, Colorado 80262
Progression through Xenopus oocyte maturation and meiotic arrest at
metaphase 11 requires the expression of the 39 kda mos" protooncogene
product. Previously, it had been reported that synthesis of c-mosx" occurred
only after progesterone stimulation of oocytes, and was no longer detected
after fertilization. Here we show the existence of a stable form of c-mos" that
is present in resting oocytes as well as in activated eggs. We produced an
affinity-purified antibody against the N-terminus of Xenopus mosxd.
Surprisingly, a 39 kda band was detected in Stage VI oocytes by Westem
blotting. Blotting was specifically blocked by preincubation with the
immunogen peptide, and in vitro translated or bacterially-expressed c-mosx'
was also specifically recognized by the antibody. It co-migrates with the c-
mosxd protein translated in vitro. Furthermore, it is also detected by a
monoclonal antibody (5S) directed against the C-terminus of c-mos? (gift of G.
Vande Woude). Progesterone addition to oocytes stimulated only a modest
increase in the amount of the 39 kda protein. If oocytes are injected with
either antisense c-mos oligodeoxynucleotides or a cycloheximide/emetine mix
at germinal vesicle breakdown, the levels of the 39 kda protein are unaffected
for at least 3 hours. Similarly, when eggs are released from cytostatic factor(CSF) arrest in metaphase 11 by 1) ionophore activation, 2) fertilization, or 3)
calcium addition to an egg extract, the 39 kda protein remained detectable
through at least the first mitotic cycle. Since it has been suggested that the
hyperphosphorylated form of c-mosx' may be responsible for its action, we
propose that the form we detect is a stable precursor pool which, through
phosphorylation or other modification, contributes to the active pool of c-mosx'.
These results suggest the possibility that the loss of CSF activity at fertilization
is not associated with degradation of the stable form of c-mosd.
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Celula Ofp34c and cyclins A andB ciris9 i.tts,
a do sItasis and early meiosis in (xppeltus, as oogrda divide and
tffrtiate iinto ocytes and poi runsre c s. HS
W G F Wfii d2 & J S RyBM3 [enent of Biologcel Saiane, Ukivarsity
of Exeter, 1K; 2DiperbTent of Biolojgy, Lniversity ofDiudee, UL;
3Dewrb t of Bilogy, Uhivesity Lann, 1K.
Follcwx may mtotic divisions, oogara in ovarmles of the mlk weed
bug, Ocmpeltus fasaitus, give rise to an at w zone of cells ttt
continr to show extensivenatotic activity; a largecentral zone ofrurse
clls thst go an to exhibit an eni itotic cycle and beaTn hiLgly
plypoid; end a posterior zoe of oocytes of increasiog size, arrested in
msioticpphese. zrse celIs and oocytes ar structurelly ard fuictionelly
camected, the foun cnitributing to the latter via cytcplasic rutritivetubes. By inuofluorescence nacco,y shave been able to investigete
the cell cycle protein kirese p34 and its reatoy cyclin A and B
s nitsduing amtotic, erbnitotic and the early pert of the meitic cell
cycles of a sirgleti. All the proteinsw me preset in all three zes
of the ovwarla. p34 WBSprai tly cytcplastic as cyclin A.
Cyclin B, by c ntras nmeiny nuclea but restricted fmn the enlarged rurse
cell nrcloli. The levels of cyclins A and B in mitoticrurse cells fluctuete
as
ie forotherfra mitoti systes. The cytplaff&c rorcantration of
p34 and cyclin A rppeer to be diluted as nurs celsadtcd frn mitosis
to einoditosis andeare mssively, but the large polyploid rulei contain1tiL lela of cyclin B. Cytoplasmdc extts frn regions goi both
titotic and enKimtotiac divisions wamassayed for histon HI kines activity
folloeir absrptio onto p1-epharse. Kinse activity vs detected in
bor fractions but vs greater in the mitotic extrt by a factor of 1.5:1.
Certain of the regulatory proteins may pass beiaeenrues cells andoocytes via
thearcrutule-besed rutritivetues.
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Lona-Term Exposure ofCaCo-2Cells to Lovastatin Blocks Cell Divisionand
Affects Moroholo. C.R. Waites. P.J. Buaeiskl. T.K. Hart, and W.D. Kems,
Dept. of Toxicology, SmithKIlne Beecham Pharm., King of Prussia, PA 19406.
(Spon. by D. WaW)
The antihyperlipidemic agent lovastatinis a competitiveInhibitor of 3-
hydroxy-3-methylglutaryl-coenzyme A reductase, the enzyme required for
mevalonatebiosynthesis. Mevalonateis a precursor ofisoprene compounds
including cholesterol, dolichol, ubiqulnone andIntermediates required for
protein prenylstlon. In this study, weInvestigated the effects of lovastatin on
the early stages of differentiation of CaCo-2 cells In culture. CaCo-2 cells
were plated at a high seedingdensity In DMEM supplemented with10% fetal
calserum for24 h. Lovastatin (0.1-OOuM) was added and the cultureswere
sampled over 72 h. Lovastatin at up to IOOuM Inhibited cell growth of CaCo-2
cells in a dose and time-dependent fashion, wihout affecting cell viability.
DNA synthesis, as determinnd by [3Hjthymldine incorporation, was unaffected
at 24 h but was Inhibited In a dose-dependent fashion at later timepoints.
CaCo-2 cells treated with lovastatin developed a rounded morphology,
appeared to lose contact nhibition, and over time began to pile up intovillus-
like structures. Staining with rhodamlne-phaltacldln revealed that lovastatin
treatment lead to a rearrangement of the cytoskeletal F-actin pattem. Protein
synthesis and alkaline phosphatase content were not affected. These results
indicate that long-term exposure of CaCo-2 cells to lovastatin affected cell
division and maintenance of celkilar morphology but caused lIttle perturation
of general metabolic functions. These observations, along with those of
others, support the hypothesis that the blockade of an Intermediate in the
Issprene metabolic pathway by lovastatin explains the effects observed on
cellular morphology and cell cycling. Mevalonate production, independent
from Its role as a precursor of sterol synthesis, thus may play an essential role
In the preservation ofceliuuar structure and repliction.
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IRON AND IRON CHELATORS MODULATE THE ACTIVITY OF
p34cdc2/p58cyclin A PROLINE-DIRECTED PROTEIN KINASE IN
MDA-MB-453 BREAST CANCER CELLS. K.S. Kulp. C.J. Berardi. and
P.R. Vulliet, Dept. of Vet. Pharm. & Tox., Univ. of Calif, Davis CA.,
95616.
The activity of proline-directed protein kinase (PDPK), a
heterodimer consisting of p34CdC2and p58cyclin A ,was examined in
MDA-MB-453 human breast cancer cells treated with the iron
chelators, mimosine and deferoxamine, and in the presence of
extracellular iron, hemin, and human transferrin. We found that the iron
chelators reversibly inhibit both PDPK and tritiated thymidine
incorporation in a time-dependent and dose-dependent manner. DNA
content analysis confirms that the mimosine-treated cells are blocked
at the Gl /S boundary, and western blot analysis of the two PDPK
subunits shows that cyclin A is enriched in the mimosine blocked cells.
The phosphorylation state of p34cdc2 appears to be aftered, as
evidenced by changes in migration during SDS gel electrophoresis and
western blotting. The addition of either 250 uM ferrous sulfate, iron-
saturated transferrin, or hemin antagonized the effects of mimosine
and activated PDPK without a concomitant increase in DNA synthesis.
These resufts demonstrate that PDPK activity is effected by intracellular
iron content and may be related to transferrin receptor endocytosis.
Endoplasmic Reticulum (187-190)
186
Identification of the Cell Cycle Position of Individual Cells in Non-
synhronous Populations as a Method to Identify Cell Cycle-Speific Pattemns
fsion of Clular Proteins, MA ChrisnsenIt,RLY Pent, and EL
Gruesisin1. tDepartments of Physiology and Biophysics, and IDepartment
of Molecular Genetics, Biochemistry and Microbiology, University of
ncinna Medical Center, Cincinnati, OH 45267.
Synchronizing cell cultures can often result in a perturbation of the
normal cell cycle, producing "unbalanced" growth or aberrant DNA content,
as well as giving low yields. In order to bypass the synchronization process,
we have developed a methodology to identify the cell cycle position of
individual cells within an asynchronous population of cells in monolayer
culture. Cels are rapidly fi'xed and stained with the DNA fluorochrome
DAPI. They are then mounted in a stage positioner in order to revisit defined
cells for multiparameter analysis, including DNA content, morphometry and
inimunocytochemistry. Using customized image analysis software (DeNsA),
at least 1000 cells can be routinely analyzed. DNA histograms of substrate
attached human diploid fibroblasts, mouse Swiss 3T3 cells and rat aortic
smooth muscle cells are obtained which are similar in appearance to those
obtained with flow microfluorimetry. This allows the dissection of the cell
population into GodGt, S and G2OM subpopulations based on DNA content.
These subpopulations can be further divided on the basis of morphological
markers, such as the rounded and detached M phase cells. We are developing
additonal markers, such as the subnuclear DAPI staining patterns as well as
immunocytochemical reagents directed toward cel cycle regulated gene
products (such as the cyclins) to further subdivide the GOIGl, S and G2/M
populations. Using this technique, it should be possible to perform an
accurate determination of the cel cycle specific expression of virtually any
antigen in any cell type. We present data demonstrating the non-uniform
spatial distribution and the cell cycle specific patterns of expression of the
phosphotyrosine epitope and the cyclin-D isoform in mouse fibroblasts.
187
Calcium Regulation hy Endoplasmic Reticulum in Purkije Cell Dendrites and
Dendritic Spines. . BuchananRD. man DM Indi T.S. Reese
and S.B. Andrews. Lab. Neurobiology, NINDS, NIH, Bethesda, MD 20892 and
Dept. Neurology, Case Westem Reserve University, Cleveland, OH 44106
Intracellular calcium regulation is a major function of the endoplasmic reticulum
(ER) in a variety of cell types. Here we investigate the role of the ER in spines and
dendrites of cerebellar Purkinje cells. Total Ca concentrations within cellular com-
partments were measured in aVG HB501 field-emission STEM by energy-disper-
sive x-ray microanalysis of freeze-dried, ultrathin cryosections of directly frozen,
fresh slices of mouse cortex. Paired analyses of cytoplasmic and ER elemental
concentrations revealed that most spines were characterized by high cisternal and
low cytoplasmic Ca (7.6±0.6 and 1.5±0.9 mmol/kg dry weight ±SEM, respec-
tively). This Ca distribution contrasts with a smaller, second class of spines which
is the converse of the first in that cisternal Ca was low but cytoplasmic Ca was
elevated (1.7±0.9 and 4.0±0.8 mmol/kg). Since we estimate no net difference in
the total amount of cellular calcium between these two classes, the differences in Ca
concentrations probably result from redistribution of Ca between cytoplasm and
ER. A third class of spines, however, in which both cisternal and cytoplasmic Ca
were elevated may represent Ca entry from the adjacent dendrite or from extra-
cellular space. Analyses of Ca concentrations within ER of spine-bearing dendritic
shafts also revealed distinct populations of ER cisternae. The Ca concentration in
some ER (6.9±0.4 mmol/kg) was similar to that of spine ER, while other ER in the
same dendrite had an even higher Ca concentration (13.3±0.8 mmol/kg). The two
types of dendritic ER may represent cistemae differentiated by the presence of IP3-
or ryanodine-sensitive Ca release channels. These results show how the ER could
function as a Ca storage organelle and regulate cytoplasmic Ca in dendrites as well
as in spines, while suggesting that different domains of the ER have different roles
in this regulation. The relationship between synaptic activity and the Ca distribu-
tions in these diverse populations of ER remains to be detenmined.
189
Cloning of a Lymphoid Specific Type II Integral Membrane Protein
Localized to the Endoplasmic Reticulum, TW Behrens. JW Yewdell. &
LS Staudt. Metabolism, NCI , & LVD, NIAID, NIH. (Spon. by DL Weist)
We have cloned by subtractive hybridization a novel
lymphoid specific gene we call Jawl. Full length cDNAs for the
human and mouse genes were isolated and both are predicted to
encode a 498 a.a. protein with two notable structural features: a
transmembrane domain located near the extreme C-terminus
without an N terminal signal sequence, and a conserved 140 a.a.
domain in the mid-portion of the protein which is predicted to
form a coiled-coil and is highly homologous to myosin heavy chain
tails. Northem blot analysis reveals highly restricted expression of
an abundant RNA in spleen, thymus, lymphoid and a few myeloid
cell lines, but no expression in nonlymphoid tissues or
nonhematopoetic cell lines. An affinity purified polyclonal rabbit
Ab raised against the mouse N terminal 130 a.a. used for indirect
immunoflourescence and confocal microscopy show co-localization
of Jawl protein and BiP in murine lymphocytes, suggesting that
Jawl resides in the ER. In addition, transfection of the full length
Jawl cDNA into Hela cells targets Jawl to the ER, as demonstrated by
colocalization with PDI. In vitro translation of Jawl cDNAs in the
presence of pancreatic microsomes results in a tight association of
Jawl protein with microsome membranes which cannot - be
extracted by pH 11.5 Na Carbonate or 1M KCI. When inserted in the
membrane of intact microsomes in vitro, the entire Jawl protein is
sensitive to digestion by trypsin, suggesting a Type II orientation,
with the myosin homology region oriented towards the cytoplasm.
Thus, the Jawl protein is a unique new ER membrane protein with
a restricted tissue distribution, oriented in a manner which might
allow it to interact with other cytoplasmic coiled-coil proteins.
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Continuity of the EndoDlasmic Reticulum in Sea Urchin Eggs and its
Structural Changes during Fertilization. L.A. Jaffe and M. Terasaki*.
Department of Physiology, University of Connecticut Health Center,
Farmington, CT 06032, and *Laboratory of Neurobiology, National
Institutes of Health, Bethesda, MD 20892.
The endoplasmic reticulum (ER) of the sea urchin egg includes a
system of cisternae in the interior, a cortical tubular network, and the
nuclear envelope. In aldehyde-fixed as well as live eggs, the long
chain fluorescent lipophilic dye Dil spread from an intracellularly-
injected oil drop into all of these parts of the ER, showing that they are
a continuous membrane. By providing continuous diffusion pathways
within its membrane and its lumen, the ER may have a role in
coordination and regulation of functions throughout the egg. In
previous work, we showed that the interior cisternae appear to
become more finely partitioned during the period -1-3 min post-
fertilization; the large sheets then reform by 10 min (Terasaki and
Jaffe, 1991, J. Cell Biol. 1 14: 929-940). To investigate this structural
change, the spreading of Dil in the ER membranes was observed
during this period. Dil spreading in live eggs at 1-3 min after
fertilization was slower than in unfertilized eggs or in fertilized eggs at
>3 min after fertilization. Dil did not spread when injected into eggs
fixed at 1 min after fertilization, but it did spread when injected into
eggs fixed at 10 min after fertilization. These results indicate that
fertilization may result in a transient decrease in the number of
connections in the ER network. Since the ER is probably the major
source of Ca release at fertilization, structural changes may be
directly related to calcium release and uptake.
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The 170 DaGlucose Regulated Stiess Protein is an Endoplasmic Reticulum
Protein which Binds Immugiohi.H_-Y_ Lin. PA, Masso-Welch, J.-W. Cai.
LW. Shen and .R Sub"ik Department of Molecular and Cellular Biology,
Roswell Paik Cancer Institute, Buffalo, NY 14263.
Glucose-regulated proteins (GRPs) are synthesized by cells exposed to
conditions such as anoxia, glucose starvation, EDTA, the calcium ionophore
A23187, and glucosanine. The primaiy GRPs induced by these stresses migrate
at Mr of 78, 92 and 170 kDa. Upon exposure to tunicanycin or 2-deoxyglucose,
these proteins are induced and migrate at Mr of 78, 92 and 150 kDa. Using a
rabbit anti-GRP 170 antisera which is not crss-reactive by Westem blot with
other proteins, we have sought to chaacterize the function and distribution of
GRP 170 in a variety of cell lines. Immunoprecipitation of GRP 170 frm CHO
cells coprecipitates the ER prtein GRP 78/BiP (immunoglobulin binding
prtein). GRP 170 is sensitive to Endoglycosidase H tieatment, and therefore
resides in a pie-Golgi compartment. GRP 170 in microsomal vesicles is resistant
to Prteinase K treatment, suggesting a luminal location for GRP 170 in the ER.
GRP 170 is also present in a variety of B cell lines expressing either mu or
ganma heavy chain isotype, as well as membrane or secretory fonn of heavy
chain. GRP 170 coprecipitates with fully assembled (H2L2) immunoglobulin
Our results suggest that GRP 170 may function in immunoglobulin assembly or
confomnational stabilization at a point distal to BiP. Our cunent work is directed
at characterizing GRP 170 distribution and function in lymphoid tissues. (T his
work is supported by PHS grants CA40330, GM39860, and GM45994.)
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Brefeldin A Does Not Inhibit the Sterol-nduced Degradtion of HMG CoA
Reductase in UT-I cells. D.M. Mitchl and DaT. Kgchear Dept. of
Veterinary Physiology and Phanmacology, Texas A&M University, College
Station, TX 77843.
A resistant CHO cell line maintained in a competitive inhibitor ofHMG
CoA reductase and the absence of lipoproteins produces an abundance of
HMG CoA reductase. These cells, UT-I cells, were used to determine the
effects of brefeldin A on the degradation of reductase. UT-I cells were
incubated with (1) sterols only (0.2 ug/ml cholesterol and 12 ug/ml 25-
hydroxycholesterol), (2) sterols and brefeldin A (0.5 ug/ml), or (3) brefeldin
A only. Immunoblot analysis of HMG CoA reductase under conditions 1
and 2 above showed that brefeldin A did not alter the rate or extent of
reductase degradation. Brefeldin A alone for 48 hours did not cause a
decease in the level of reductase. Control CHO cells matched for each
experimental condition showed no detectable levels of reductase. Reductase
was localized in a tight perinuclear pattern in fully induced (0 hrs in sterols)
UT-I cells with the pattern becoming more disperse and punctate upon
incubation of cells in sterols. After 48 hours in sterols, reductase staining
was uniformly decreased throughout the cytoplasm. This change in
localization was also observed during incubation of UT-I cells with sterols
and brefeldin A. The reductase staining pattern of UT-I cells incubated with
brefeldin A alone remained tight and perinuclear and did not change over 48
hours. Under all experimental conditions reductase staining in CHO cells
was similar to the low level fluorescent pattern seen in UT-I cells after 48
hours in sterols. These experiments show that brefeldin A-induced retention
of proteins in the ER does not interfere with the degradation of HMG CoA
reductse in UT-1 cells. It is not clear that degradation of excessive amounts
of this protein occurs only in the ER in these cells.
192
Isolation of Yeast Mutants Deficient in the "ER"
Dearadation Pathway. A. A. McCracken and I. V.
Karpichev*, Department of Biology, University of
Nevada, Reno, Nevada, *Centre "Bioengineering",
Academy of Sciences of Russia, Moscow, Russia
Mutants deficient in the "ER" degradation
pathway have been isolated from S. cerevisiae which
express and rapidly degrade the reporter protein
human alpha-l-proteinase inhibitor Z (AlPiZ).
Colony replicas of mutagenized cells were screened
for "ER" degradative-deficient phenotype by colony
blot immuno-assay. Cells deficient in degradation
of AlPiZ yielded positive signals due to
accumulation of AlPi. 40,000 colonies were
screened at 250 and 370 and 28 putative mutants
were identified. Recloneing and rescreening
yielded 17 strains which retained a mutant
phenotype. The level of AlPi accumulation in these
17 strains, measured by ELISA, ranged from 1.5 to
lOX that of AlPiZ in parental cells. The AlPiZ
gene-vectors isolated from each putative mutant,
were sequenced and used in transformation studies.
The results indicated that the mutation leading to
the degradation-deficient phenotype was not in the
AiPi gene or vector, but in the cellular genome of
the putative mutants. Analyses of "cured" mutant
strains transformed with genes encoding other "ER"
degradation substrates suggested that more than one
class of mutant had been isolated. (ACS #MV551)
Golgi Complex (193-196)
193
Molecular Characterization of Unigue cDNAs Encodina Two Proteins of
the Golgi ComDlex. M. J. Fitzler, J. C. Hamel,1 and E. K.L. Chanl.
University of Calgary, Calgary, AB, CANADA and 1The Scripps
Research Institute, LaJolla, CA 92037.
Autoantibodies from a patient with systemic lupus erythematosus were
used to screen clones from an IL-1-induced HEP-G2 Azap cDNA library.
Two clones, designated SY2 and SY11, were rescued into DH5 alpha
cells and sequenced. Antibodies affinity purified by adsorption to the
two .zap clones reproduced Golgi staining. The deduced amino acid
sequence of the cDNA clone of SY2 and SY11 represented 58.7 and 70
kD proteins of 568 and 620 amino acids, and pis of 6.09 and 4.57
respectively. The in vitro translation product of SY11 cDNA migrated in
SDS-PAGE at 100 kD and was immunoprecipitated by the original anfi-
Golgi serum but not by normal human serum. NZW rabbits immunized
with SY2 produced high titer (1/2560) anti-Golgi antibodies. The in vitro
translation product of SY2 migrated in SDS-PAGE at 65kD. Analysis of
the SY 11 recombinant protein identified a leucine zipper spanning
positions 419 to 455, a glutamic add-rich tract spanning positions 322
to 333, and a proline-rich tract spanning positions 67 to 73. A search of
the SwissProt data bank indicated sequence similarity of SY11 to
HUMXT02475 (a human gene isolated from a human brain library),
involucrin, and the heavy chain of myosin. SY2 shared sequence
similarity with myosin and the cytoskeletal protein plectin. Neither of the
proteins shared significant sequence similarity with known Golgi
components.
195
lkentification and Characterization of a 28 kDa Golgi
Protein. V. N. Subramaniam and W. Hong, Membrane Biology
Laboratory, Institute of Molecular and Cell Biology,
National University of Singapore, Singapore.
In order to facilitate the study of the Golgi apparatus
in greater detail we have raised antibodies against
subfractions of Golgi-enriched membranes. A monoclonal
antibody, HFD9, raised against a Golgi fraction, recognized
a protein of apparent molecular weight of 28 kDa in Golgi-
enriched membrane fractions as shown by Western
blotting. Indirect immunofluorescence staining of a
variety of cell types from rat and human showed intense
staining in a juxtanuclear position typical of the Golgi
apparatus. This staining pattern colocalized with that
observed for galactosyltransferase, a trans Golgi marker.
194
A Putative 72 kDa GTP-binding Protein of Golgi ARRaratus of
Rat Liver. J. Lawrence. M. Paulik. C.C. Geilen. A.0.
Brightman. T. Reust. K. SRicher. G. Schultz. W. Reutter. D.M.
Morrd and D.JL. Morre, Dept. of Medicinal Chemistry, Purdue
University, West Lafayette, IN 47907
Many of the proteins identified and characterized as being
involved in both endoplasmic reticulum to Golgi apparatus and
inter-Golgi apparatus transport are now known to be G
proteins. Among these identified are both monomeric and
trimeric GTP-binding proteins [1,2]. An a subunit Gs13 was
concentrated on Golgi apparatus membranes [2]. In our
studies, Golgi apparatus preparations from rat liver were
probed with a polyclonal antibody to a 14 amino acid peptide
from the consensus GTP binding domain (underlined) of a Ge
trimeri c subunit (Cys-Gl v-Ala-Gli-Glu-Ser-Gly-Lys-Ser-Thr- Ile-
Val-Lys-Gln-Met). Western blots of immunoprecipitated Golgi
apparatus revealed the presence of a ca. 42 kDa band. When
rat liver plasma membrane was similarly probed with the
antibody, a 42 kDa band also was revealed. This antisera
cross-reacted on Western blots, but did not immunoprecipitate
a 72 kDa protein that was precipitated by antisera to a 38 kDa
cis Golgi apparatus protein. Currently, work is underway to
examine the proteins revealed by the Ge antisera and
especially the 72 kDa Golgi apparatus protein and a potential
counterpart in the plasma membrane. Supported by NIH GM44675.
[1] Wilson, D.W. Whiteheart, S.W., Orci, L. and Rothman, J.E.
(1991) Trends Biochem. Sci. 16: 334-337; [2] Ercolani, L. et
al. (1990) Natl. Acad. Sci. USA 87: 4637-4639.
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Localization of Qi Aloha Subunit Is Denendent on Cell Type and Level of
M ln- 'long for Goi Funcion Wiln*,S H +, P
MazanCurt+, &-SAilW and M.G. Earuhar' 'Division of Celkilar and Molcular
Medicne, University of Calfornia, San Diego, La Jolla, CA 92093, and +Molecular
Pathophysiobgy Branch, National Institute of Diabetes and Digestive and Kidney
Diseases, NIH, Bethesda, MD 20892.
We have Investigated the cfstrbution of Gj3 alpha subunit In different cel types
using affinity-purified antibody to a decapeplide near the carboxyl terminus of a43.
We find G13 is hrgely resited to the Golgi apparatus in MEL cells, NRK ceos and rat
fibroblasts. This is in contrast to a rat thyroid cell lne, where aj3 is found on the
plasma mnembrane in addtion to the Golgi. Thus, in confirmation of Stow et al(1991), a;3 subunit can associate with the Golo apparatus and/or the plasma
membrane in a tissue-specific manner. Distribution of aj3 was also examined in
clonal populations of mouse NIH-3T3 fibroblasts transfected with expression
vectors for wild-type, activated or inactivated forms of the Gj3 alpha subunit. In cells
transfected with the vector alone, the distribution of acq by immunofluorescence Is
largely confined to the Gol0 region. The sarne Is true for clones overexpressing
moderate levels of 0q3 (wild-type, activated or Inactivated), alfthough occasbnal cels
show label at the cell periphery. Several other clones with very high levels of
expression have, In additon to Go0i stairing, a striking association of 013 with the
plasma membrane that is particulary notable In membrane ruffles and in the leading
edge of filbpodia. Forskoln-induced cAMP-accumntWon was decreased solely in
the latter group of clones where heavy hbellng for activated Q13 at the plasma
membrane was deon ed. We speculate that NIH-3T3 cell8 possess a saturable
number of sies for G13 binding In the Golgi region and that overexpression leads to
assoclatlon with lower affinity binding sites at the plasma membrane, potentially
substituting for heterotrimers composed of closely-related alpha subunits. The
observation that ai3 associates with the Gol0 apparatus of mulllpe cel types Irmpies
that H is required for a regulatory function that is common to many mammalan cells.
Supported by NIH grarits CA46128 and DK 17780.
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Sites of Synthesis and Assembly of Polvsaccharides in the Formation of New
Plant Cell Walls. TL. Gidding= and LA. Staehelin, Department of Molecular,
Cellular and Developmental Biology, University of Colorado, Boulder, CO
80309.(Spon. by Sam Levy).
New plant cell walls are initiated by the formation of a cell plate during
cytokinesis. We have used high pressure freezing of root tips of Nicotiana
sylvestris followed by freeze-substitution, low temperature embedding and
immunolabeling to follow both the incorporation of polysaccharide
macromolecules into the cell plate and the morphological changes that occur as the
cell plate changes from a collection of vesicles to an intact cell wall. The cell plate
and vesicles associated with it are more densely stained than the vesicles apparently
in transit from the Golgi, suggesting that the contents of the cell plate compartment
are modified after the vesicles fuse. Immunolabeling studies indicate that the
principal hemicellulosic polysaccharide, xyloglucan, and methyl-esterified pectins
are synthesized in Golgi stacks and transported to the cell plate in vesicles. In
contrast, callose, a glucan polymer abundant in cell plates but scarce in mature cell
walls, appears to be synthesized in the cell plate itself. Our earlier study of
differentiating root cap cells showed that the Golgi apparatus undergoes distinct
changes in morphology to accomodate the specialized requirements of synthesizing
and packaging large quantities of polysaccharide mucilage. We have not detected
such differences between the Golgi of interphase cells and those engaged in
cytokinesis, perhaps because only relatively subtle differences in biosynthetic
activity are required for cell plate formation. We are currently testing additional
probes to other cell wall polysaccharides, such as cellulose, that could have a
significant impact on the shape of the cell plate. The assembly of polysaccharide
and glycoprotein macromolecules into higher order structures may influence the
shape of the cell plate as it flattens and expands centrifugally toward the mature
lateral cell walls. Thus the cell plate forms the initial primary cell wall which then
undergoes further changes during growth and/or development. Supported by NIH
grant GM 18639 to LAS.
199
Direct and Selective Role of Clathrin in Golgi Membrane Protein
Retention. M Seeger and GS. Payne. Department of Biological
Chemistry, University of California, Los Angeles, CA 90024.
The role of clathrin in retention of Golgi membrane proteins
has been investigated. Prior work showed that a precursor form of
the peptide mating pheromone a-factor is secreted by Saccharomyces
cerevisiae cells which lack the clathrin heavy chain gene (CHC1).
This defect can be accounted for by the observation that the Golgi
membrane protein Kex2p, which initiates maturation of a-factor
precursor, is mislocalized to the cell surface of mutant cells. We
have examined the localization of two additional Golgi membrane
proteins, dipeptidyl aminopeptidase A (DPAP A) and guanosine
diphosphatase (GDPase) in clathrin-deficient yeast strains. Our
findings indicate that DPAP A is aberrantly transported to the cell
surface but GDPase is not. In mutant cells carrying a temperature-
sensitive allele of CHC1 (chcl-ts), a-factor precursor appears in
the culture medium within 15 minutes, and Kex2p and DPAP A reach
the cell surface within 30 minutes, after imposing the non-
permissive temperature. In contrast to these immediate effects, a
growth defect Is apparent only after two hours at the non-permissive
temperature. Also, sorting of the vacuolar membrane protein,
alkaline phosphatase, is not affected in chcl-ts cells until two hours
after the temperature shift. A temperature-sensitive mutation which
blocks a late stage of the secretory pathway, secl, prevents the
appearance of mislocalized Kex2p at the cell surface of chcl-ts cells.
We propose that clathrin plays a direct role In the retention of
specific proteins in the yeast Golgi apparatus, thereby preventing
their transport to the cell surface.
201
Effects of Dithiothreitol on 8-COP Distribution and Golgi to ER Membrane
Trffic C Hammond J Kartenhec* and A. Helenius Department of
Biology and Biochemistry, German Cancer Research Center, Heidelberg,
Germany and Department of Cell Biology, Yale University School of
Medicine, New Haven, CT 06511
Treatment of cultured cells with low concentrations of reductants has
been used to study both the folding and retention of proteins in the ER.
(Braakman et al., Nature 356:260, 1992; Alberini et al., Nature 347:485,
1990). We have studied the effects of similar treatments on the structure
of the Golgi apparatus and membrane transport between the ER and Golgi.
When CHO or NRK cells were kept in media containing 5mM dithiothreitol
(DI) or l0mM 2-mercaptoethanol (2-ME) , B-COP, a peripheral Golgi coat
protein, was seen by immunofluorescence microscopy to redistribute from
the Golgi to the cytoplasm. A marked shift in B-COP distribution was seen
within 30 min and most cells showed no B-COP association with the Golgi
after one hour in DTT or 2-ME. Double label immunofluorescence with
antibodies to mannosidase II and electron microscopy showed that the
Golgi remained intact, despite the redistribution of B-COP. DTT treatment
did not cause a depletion of cellular ATP levels, which has also been shown
to affect B-COP binding. AIF4- inhibited the effect of DTT on B-COP which
suggests the involvement of a heterotrimeric 0 protein in this process.
Removal of DTT allowed B-COP to rebind to the Golgi in about 45 minutes.
Pretreatment of cells with DTT blocked the brefeldin A (BPA)-induced
retrograde movement of Golgi membranes to the ER. However, the
reformation of the Golgi upon the removal of BPA was not inhibited by DTT
even though B-COP did not rebind. These results suggest that treatment
with DIT or 2-ME affects a factor(s) that regulates both B-COP binding and
transport from the Golgi to the ER. DTI and 2-ME probably act by reducing
and thus inactivating this factor.
198
The human homolog of the yeast stress inducible protein (STI associates
with the golai aDDaratus during interphase and the centrosomes during
mitosis. D.A.Compton, S.Mori JVechio I.Szilak, and D.W.Cleveland.
Department of Biological Chemistry, Johns Hopkins University School of
Medicine, Baltimore, MD 21205
We have previously reported the generation of a collection of monoclonal
antibodies that specifically bind to various parts of the mitotic apparatus in
human cells (J. Cell Biol. 112:1083-1097). One of these antibodies
recognizes an abundant cytoplasmic protein of 64kD that co-localizes with the
golgi apparatus in interphase cells. Consistent with this golgi association, this
64kD protein is rapidly redistributed throughout the cell cytoplasm when cells
are treated with Brefeldin A or colcemid. As cells progress through mitosis,
this antigen maintains a close association with the centrosomes and is
distributed into each daughter cell by associating with the pericentrosomal
region of the mitotic spindle apparatus. We have used expression screening
to select overlapping cDNA clones that span the entire length of the
corresponding 2.2kb RNA transcript. The amino acid sequence deduced from
the DNA sequence predicts a polypeptide with substantial a-helical
characteristics and that is 35% identical to the yeast stress inducible protein
(STI I).
200
Effect of Brefeldin A on the redistribution of rab6p a small GTP-binding nrotein of the
QilgLagiara. M. Roa. V. Cornet, V. Mayau and L. Goud, Unite de Gdn6tique
Somatique, Institut Pasteur, 75724 Paris Cedex 15, France. (Spon. by A. Dautry-
Varsat).
Rab6p belongs to a family of at least 25 identified members of small ras-like
GTP-binding proteins suggested to play a major role in intracellular transport in yeast
and mammalian cells. Rab6p has been localized to the medial and trans citernae of the
Golgi apparatus and also in the Trans Golgi Network. Brefeldin A (BFA) is a fungal
antibiotic known to disorganize the Golgi apparatus and to cause its resorption in the
endoplasmic reticulum. By two techniques, indirect immunofluorescence and cell
fractionation, we investigated the fate of rab6p and other Golgi markers after BFA
treatment in BHK-21 and NIH-3T3 cells. After 30 minutes in 5 tLg / ml BFA at 37°C,
all rab6p is dispersed in the cytosol. The antigen, originally found as 40 % in the
cytosolic fraction and 60 % in the membrane (P 150000 g) is now almost entirely (70 -
90 %) cytosolic, (whereas the endoplasmic reticulum is all in the membrane pellet).
Moreover, the cytosolic fraction partitions in the aqueous phase of Triton Xl 14, as
opposed to the membrane fraction which is detergent soluble. Rab6p redistribution
occurs after the disaggregation of the Golgi apparatus, with intermediate steps
characteristic of tubulo vesicular structures, colabelled with a bonafide medial Golgi
marker, CTR 433. 3COP, the 110 kd peripheral Golgi membrane protein, is released
much more rapidly than rab6p and CTR 433. The kinetics of reversion of BFA effects
on these antigens has also been studied by immunofluorescence. We have checked that
rab6p released from Golgi structure is not part of the coatomers. Three requirements
seem to be necessary for BFA-induced dispersion of rab6p in the cytosol: integrity of
microtubules, presence of energy and a hypothetic trimeric G protein, as revealed by the
respective roles of nocodazole, ATP depletion and sensitivity to AIF4- ions. Although
the exact role of rab6p in intracellular transport is still unknown, the dramatic cefects of
BFA on its distribution should help towards an understanding of its function.
202
Effects of Brefeldin A (BEP) treatment on the morRhology of the
Golgi apparatus and the localization of phosohatase enzyme
activities in Caco-2 cells. G. Bennett, P. Vasilescu, and G.
Wil, Departments of Anatomy and Medicine, McGill University,
Montreal, Quebec, Canada.
Caco-2 cells, a polarized colonic adenocarcinoma cell line,
were incubated with BFA (2.5 pg/ml) for 0, 5, 15, 20 and 30 min,
1, 1. 5 or 2 hr prior to fixation. The 2 hr incubation was
sometimes followed by a 1-2 hr chase. In the Golgi apparatus of
untreated cells, ultrastructural cytochemistry showed
localization of CMPase activity to the trans Golgi network
(TGN), TPPase activity to trans saccules, and NADPase activity
to middle saccules. After a 5 min incubation with BFA, small
tubulo-vesicular clusters, which were often observed at the cis
face of Golgi stacks in normal cells, expanded greatly in size.
By 15 min, the Golgi stacks disappeared and were replaced by
numerous tubules (20-45 nm in diameter) which appeared to derive
from tubules of the intersaccular areas of the stacks. These
tubules, as well as the tubulo-vesicular complexes persisted for
up to 2 hours, and did not connect with the rER. TPPase and
NADPase activities were found to be localized to the tubules.
CKPase activity was localized to tubules identical to the above,
but also to persisting TGN profiles and other tubules emanating
from the latter. Apart from occasional light TPPase activity,
rER cisternae were never labeled. After a 1 hr chase period,
the Golgi complexes began to reform and were often associated
with large tubulo-vesicular complexes on their cis face. By 2
hr they were completely reformed and exhibited normal




ELSEP-CFGF Purification of Oruanclies an(d Biomembranes. D. W. Sammons2, D. M.
Morrn', G. E. Twiuty, R. Shamez., N. B. Eyen , and D J. Morrn2. 'Dept. of Medicinal
Chemistry and Pharmacognosy, Purdue University, West Lafayette, IN 47907; 2Dept. of
Veterinary Science and 3Dept. of Chemical Engineering, University of Arizona, Tucson,
AZ 85721. (Spon. by P. T. Diamond.)
The ELSEP-CFGF (previous poster) has been used to purify organelles and
biomembranes from green pepper, and Golgi apparatus and transition vesicles from rat
liver. A crude microsome fraction from green pepper, freed of intact plastids,
mitochondria, nuctei and debris, was fractionated by ELSEP-CFGF. Protein was
distributed across 9 of the 10 fractions in the separation chamber. Examination of the
fractions by electron mticrography confirmed that the vacuole (tonoplast) membrane had
the highest electrophoretic mobility. The thylakoid fraction was located in the middle
range, fraction 4. Plasma membranes, with the lowest electrophoretic mobility, were
located in fractions 7 through 9. Fraction 7 was cytoplasmic side-out and fraction 9 was
cytoplasmic side-in. Golgi apparatus of rat liver, freshly isolated and unstacked by
enzymatic and chemical means, was separated inlo four fractions using ELSEP-CFGF.
As expected the trans cisternae, identified using thiamine pyrophosphatase, had the highest
mobility and the cis cisternae, identified with dense deposits of reduced osmium, had the
lowest mobility. The transitional endoplastnic reticulum was isolated from rat liver as
described and incubated for 10 min at 37 C with ATP and cytosol to induce the formation
of transition vesicles. The absorbance profile illustrated distribution of protein over
fractions 4 through 9 with fraction 7 having both endoplasmic reticulum vesicles and
transition vesicles, fraction 8 enriched for transition vesicles, and fraction 9 consisting
almost exclusively of transition vesicles. Comparisons with published separation profiles
demonstrate that the ELSEP-CFGF providtes resolution comparable to that achievable with
conventional free flow zone electrophoresis.
Actin (204-207)
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AySe actin mutant cold-sensitive for poymerization in vitro R_K.Cook.X. Chen. P.A. Rubenstein. Dept. of Biochemistry College of Medicine,
Univ. of Iowa, Iowa City IA 52242
In their atomic model of the actin filament Holmes et al. (Nature(1990) 347:44) proposed that the long 2-start helix of F-actin is stabilized
by insertion of a hydrophobic plug (Phe24-Ile-Gly-Met) from one strandinto a hydrophobic pocket on the other. we have tested the role of this
region in F-actin stability through sit-directed mutagenesis of the yeast
actin coding sequence and expression of the mutant actin in yeast. The
correspondng 4 amino acid plug in yeast actin is Val265-Leu-Gly-Leu.
We have changed Leu266 to Asp, disrupting the prosed hydrophobic
interaction. This mutant actin can replace wild type actin in yeast with no
apparen growth defects. Neither do we observe any cold- or temperature-
sensitivity in these strains. However, we do observe a cold sensitivepolymerizatiop defect in yjvro. This actin appears to bind DNase I agarose
normally at 4, showing that the mutation has not grossly perturbed the
structre of the actin monomer. However, at 4 the critscal concentration
for polymerizatiop of the mutant actin is 10 foId greater than that of wild
type, while at 20 it is two fold greater. At 25 , however, the critical
concentation is similar to wild type. Light scantering studies of
polymerization indicate that the polymerization defect of this actin is dueboth to a decrease in the rate of nucleation as well as a decrease in the rate
of polymerizaton. We have also studied two other mutants in this region.
In one, (A4 actin) residues 265-268 have been deleted while in the other(A3 actin) only Gly,267 has been retained. The A4 actin is unable to
support yeast life wnen it is the only actin in the cell. Expression ofA3
actin in yeast is lethal, even in combination with wild type actin. These
results support the proposed role of residues 265-268 in the stabilization of
the actin filament. (Supported by NIH GM-33689)
206
Deletion of Amino Acids from the Carboxy-Terminal end of Actin. D. Xia, and L
EP. Department of Neuroscience and Cell Biology, UMDNJ-Robert Wood Johnson
Medical School, Piscataway, NJ 08854
The C-terminus of actin is positioned near the N-terminus, at the 'barbed'
end of the molecule (Kabsch et al., Nature 347:37). A series of deletions were
made from the C-terminal end of actin by inserting termination codons into a full
length cDNA of a-skeletal muscle actin. These included deletions of 2, 3, 10, 20,
30, and 40 amino acids. The cDNA clones were transcribed and the resulting
mRNAs were translated in yir using IS labeled methionine. Only the -2 and -3
mutants co-pelleted with unlabeled carrier actin to the same extent as in vitro
translated wild type actin (about 90% of total translation). About 60% of the -10
mutant and 25-35% of the
-20, -30 and -40 mutants co-pelleted with carrier actin.
Virtually all (90-105%) of IS-labeled wild type and the -2 and -3 mutant actins were
released into the supernatant after dialysis in low salt buffer and centrifugation.
However, only half of the co-pelleted -10 mutant was released in the supernatant
under the same conditions. These data indicate that deletion of the C-terminal 10
amino acids of actin disrupts normal self assembly. The -2 and -3 mutants were also
crosslinked to myosin S-1 and incorporated into myofibrils ia vitoto the same extent
as wild type actin. Thus, removal of the C-terminal two or three amino acids did not
grossly alter the properties of actin.
(Supported by NIH AR40839 and a grant from the American Heart Association to
I.P.)
205
A Mitated ATP Binding Loo in Subdonain 1 of Yeast Acfin. X. Chen
and P. Dept of Biochemistry College of Medicine, U. of
Iowa, Iowa City, IA 52242 (Spon. by A. Shires)
The ability of actin to interact with and hydrolyze ATP is believed to be
critical to proper actin function. The crystal sructure of actin indicates that
the tripeptide Glyl3-Ser14-Glyl5 at the N-terninus of actin is important in
the bindmng of ATP and is highly conserved among related ATPases
(Nature, 1990 347:37-44). We have used site-directed mutagenesis to
change the tripeptide to other selected amino acids in S cerevisiae actin, in
order to test the role of the tripeptide in actin function. To established a
baseline for our studies, we first compared the ATP exchange rate of yeast
actin with actin purified from rabbit skeletal muscle. The dissociation rate
constant of ATP from yeast actin (kd=6.§xlx-') is about 15 times faster
than that from muscle actin (kd=4.(Jhl02). The result suggests that the
conformation of yeast actin is different from that of muscle actin, though
the actins are highly conserved in sequence. Conversion of Ser14 to TIhr
results in a wild-type like actin, while the conversions of both Serl4 to Gly
or Cys and Glyl3 and/or GlylS to Ala produce actins unable to support
yeast life by themselves. Conversion of Serl4 to Ala creates a temperature
sensitive njutant. "1Ae cells are no longer viable at 37 C, though they grow
at both 30 C and 35 C at retarded rates. The mutant protein can bind to
DNase I. This suggests that the mutation does not change the conformation
of mutant actin profoundly. The results show that the tripeptide is
important in the function of actin in vivo. They also demonsta that
bonding of the Ser hydroxyl group to the ATP pkosphates is not essential
for yeast actin function at temperatur below 37 C. (Suprted by NIH
GM-33689 and American Heart Asm.)
207
Actln Seuence Evoludon Is Influenced More by Sructure-Funcon than b
Phylosesm the Unusual Actin Seatuence ofN ua wubi. S. P. Remillard
E Y. Lai. J. Vandekerchkovew and C Fulton. Department of Biology, Brandeis
University, Waltham, MA 02254.
The genome of Naegkcia guber contains -12 actin-like sequenoes of which at
least two are expressed during growth. An intronless genomic done and a matching
full-length cDNA clone contain an open reading frame of 376 amino acids that
encodes actin plus an initiator Met. Peptide sequencing of Naegkria actin has shown
that virtually aUl Naegleia actin shares this common sequence (Remiard et al., 1984,
J. ClU BioL 99t 440a). When aligned with actin sequences from diverse phyla
Naegleia actin proves to be one of the more unusual as well as more highly
substituted actins so far reported, with 49 substitutions when compared with
Acanmoeba actin (Vandekerckhove et aL, 1984,1. MoL BioL 172: 141), which in
turn has only 17 substitutions from mammalian #-cytoplasmic actin. An 86%
identity between Naeglria and the same vertebrate actin is comparable to values
found for plants. Such comparisons indicate that Naegkria actin has undergone
considerable evolutionary change. The primary sequence of actin has generaUy been
considered to have been conserved throughout evolution, and the frequency of
substitutions has been assumed to reflect the evolutionary relatedness of different
actins. We find that actins, including that of Naegkria, have conserved most residues
associated with the monomer-monomer binding domains, chemically modiftable
residues, and residues presumed important for interactions with accessory proteins.
We were surprised to find clusters of identical or similar substitutions conserved
among diverce organisms, not only between Naegkia and the functionally related
ameboid organisms, but also representative of replacements common to plants as well
as distantly related uniceUlular organisms such as ciaatse These conserved clustera of
substitutions are distributed in a manner that provides littie meaningful phylogenetic
information; the substitutions are more likely to result from in wvo structural or
functional constraints on the actin molecule. (Supported by NSF.)
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Identification of a Gene Encoding an Actin-
Related Protein in Drosophila melanogaster. &
Frankel, M.B. Heintzelman, S. Artavanis-
Tsakonas,and H.S. Mooseker.
Departments of Biology and Cell Biology, Yale
University, New Haven, CT 06511
Genes encoding actin-related proteins have
recently been identified in fission and fusion
yeast. The proteins are necessary for viability,
are homologous to actin, yet share only 35-40%
sequence identity to actins. We have identified
a gene for an actin-related protein in
Drosophila. Several overlapping cDNAs were
isolated from both an embryonic and larval cDNA
library. The sequence is approximately 35%
identical to Drosophila actins, 40% identical to
proper fungal actins, and 35% identical to the
actin-related proteins in yeast. The actin-
related proteins appear to be less conserved than
proper actins, since there is at least 70%
identity between the proper actins of fungi and
humans. The gene for this protein has been
localized to the X chromosome by in situ
hybridization.
210
A Sensitive, Microolate-Based Florometric Assay of G-(Monomeric) Actin
Utilizina DNase Inhibition. Zhiiian Huana. Steohen Yue. Weimin You, and
Richard P. Haualand. Molecular Probes, Inc., 4849 Pitchford Avenue,
Eugene, OR 97402.
Discriminational assay of F- Ifilamentous or polymerized) and G-
(globular or monomeric) actin is of interest in studies of intracellular actin
dynamics (i.e. polymerization and depolymerization) and its physiological
roles. It is evident that G-actin assay based on DNase inhibition by G-actin
binding is advantageous over that by the centrifugation-separation
technique in ease and sensitivity. This notion led to a fluorometric G-actin
assay in which ethidium-labeled DNA was used as DNase I substrate (Laub
et al., FEBS Lett. 124, 35-38, 1981). However, ethidium has a very low
extinction coefficient and quantum yield upon binding to DNA which limit
the assay sensitivity and thus prevent the application of microplate-based
fluorescence detection system in such assay for fast data collection.
Therefore we adopted two other DNA-binding dyes of high extinction
coefficient and quantum yield upon binding to DNA, thiazole orange and
its homodimer TOTO-1, to label DNA. The results show that the assay
sensitivity or the fluorometric responsiveness of such DNase I-inhibition-
based G-actin assay largely depends on DNA substrate concentration used
and DNA-affinity of the labeling dye chosen. Specifically, combination of
low DNA substrate concentration and labeling dye of low affinity, high
extinction coefficient and quantum yield upon binding to DNA normally
results in high G-actin assay sensitivity. With a DNase digestion system
composed of 10 pM (base pairs) calf thymus double-stranded DNA labeled
with 0.18 pM thiazole orange, a conventional fluorescence microplate
reader can routinely detect 5.0 ng G-actin, a sensitivity 200-fold higher
than that obtained with ethidium labeling in a fluorometer.
212
Stress-Induced Alignment of Intracellular Actin Filaments. J.A. Sherratt,
Centre for Mathematical Biology, Mathematical Institute, Oxford OXl
3LB, U.K., and J. Lewis, ICRF Developmental Biology Unit, Department
of Zoology, University of Oxford, Oxford OXl 3PS, U.K.
Experimental evidence suggests that anisotropic stress induces align-
ment of intracellular actin filaments. However, the role of microfilament
alignment in many aspects of cell function in vivo remains poorly under-
stood. We develop a theoretical model for the alignment phenomenon,
which indudes a parameter reflecting the sensitivity of the microfilament
network to changes in the stress field. When applied to a uniform cell sheet
at rest, the model predicts that for sufficiently large values of the sensitivity
parameter, all the actin filaments will spontaneously align in a single di-
rection. Such sponttaneous filament alignment could play an important role
in morphogenetic processes such as convergent extension. Stress alignment
can also be caused by a change in external conditions, and as an example
of this we apply our model to the initial response of embryonic epidermis
to wounding. Our solutions in this case are able to reflect the cable of actin
that has been found at the wound edge in recent experiments. The cable
consists of microfilaments aligned with stress at the wound boundary of the
epithelium, and contraction of the cable, rather than lamellipodial crawl-
ing, may be responsible for wound closure. These applications suggest that
stress-induced alignment of actin filaments could play a key role in some
biological systems.
209
Fluorescent In Situ Hybridization for Actin Message in the Chick Cochlea
Analyzed with Confocal Microscoy. K.H. Lee, K.H Svoboda and A,
Cotanche. Department of Anatomy & Neurobiology, Boston University
School of Medicine, Boston, MA 02118.
We have developed a technique for in situ hybridization of actin mRNA
in whole-mount preparations of the chick cochlear duct using fluorescently-
labeled DNA probes. Human P-actin oligonucleotides were end-labeled with
biotin-14-dATP and hybridized. Fresh cochlear ducts were extracted in an
RNase-free environment, processed for in situ hybridization, and reacted with
avidin-FITC according to protocols described previously (K.K.H. Svoboda,
J. Cell Sci. 100:23, 1991). Control tissues pre-treated with RNase or
incubated in solutions containing no probe were run in parallel with those
containing probes. The fluorescently-labeled tissues were examined with a
Leica Confocal Laser Scanning Microscope. Confocal microscopic analyses
revealed that the actin mRNA distribution was polarized in the apical region of
hair cells in the cochlea. Previous work in our lab and current confocal studies
of F-actin distribution using fluorescently-tagged phalloidin have shown that
actin filaments are highly concentrated around the cuticular plate and stereocilia
in the apical region of hair cells. This suggests that the actin mRNAs are
specifically localized around the region of actin filament distribution in hair
cells. These results support similar findings for actin mRNA sorting in
chicken embryo fibroblasts (Sundell & Singer, Science 253:1275, 1991). The
cochleae we examined were from normal, two-week-old chicks that had not
been exposed to noise or ototoxic drugs, so it is unclear whether this level of
actin mRNA expression is always present around the hair bundles or whether
this is a remnant ofmRNAs utilized in actin synthesis during the last phases of
hair cell development. (Supported by NIDCD grant #DC00412 (DAC) and
NIH grant #EY08886 (KKHS)).
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Direct observation of actin filament polymerization.
E.L. Bearer, MD PhD. Div. of Biology and Medicine, Brown University,
Providence, R.I. 02912
A dynamic actin filament network is part of the process which
produces cell shape changes and movements. I am using early
embryogenesis as a model in which to study the molecules that
regulate the disassembly and nucleation of actin filaments during cell
movements. The interactions between actin filaments and proteins
extracted and partially purified from embryos are directly observed
using fluorescence video microscopy. I have now developed a video
technique that permits direct observation of actin filament
polymerization using rhodamine-conjugated G-actin. Polymerization
can only be viewed when filaments form off the surface of a coverslip
that is under observation. Such polymerization is induced when
coverslips are coated with the Mab 2E4 antibody-antigen complex
which recognizes a 43 kD protein in Western blots, and
immunoprecipitates a complex of proteins from Xenopus embryo
extracts. Polymerization begins as multiple start sites of short filaments.
After 20 sec, a few filaments have elongated to 10 -20 um, while shorter
filaments are no longer present. These results suggest a different
interpretation for the "lag" period seen during polymerization of purified
actin in fluorescent-pyrene assays. Comparison with polymerization
occurring with gelsolin-antibody complex reveals differences in rates of
elongation, number of start sites, and minimal concentration of
monomer. Direct observation of individual filaments during
polymerization will provide definitive information about the process of
filament formation. Supported by Council for Tobacco Research.
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NUCL ELEXCHANGfE. STRUCTURE AND MECHANICAL PROPERTIES
OF FILAMENTS ASSEMBLED FROM ATP-ACTIN AND ADP-ACTIN
T.D. Pollardj. Xu, L.Goldberg, and W.H. Schwarz Department of Cell Biology and
Anatomy, Johns Hopkins Medical School, Baltimore, MD
We have investigated a recent proposal (lanmey et al. 1990, Nature
34795-99) that ATP hydrolysia within actin filaments stiffens the polymer and
alters both their structure and affinity for nucleotides. We find that actin
monomers with bound ATP, ADP or fluorscent analogues of these nucleotides
exchange the nucleotide on a second time scale, while filaments assembled from
each of these spedes exchange their nucleotide with the solution at least 1000
times slower than monomers. Filaments assembled from either ATP-actin or
ADP-actin are indistinguishable by electron microscopy after negative staining.
The dynamic elastidcty and viscosity of filaments assembled from ATP-actin or
ADP-actin or mixtures of these two species are the same over a wide range or
frequencies. We do find that storage or ATP-actin monomers for more than a few
days at 4eC without frequent change of the dialysis buffer can have profound
effects on the mechanical properties. Thus we are unable to confirm the findings
of Janmey et al. We think that the methods used to preparethe ADP-actin may
account for the differences in the observations. We used a rapid new method.
Janmey et al. used a slow method that is likely to result in a reversible
con nal change in ADP-actin (Drewes, G. and Faulatich, H. 1991, JBiol.
Cham. 266: 55-5513). Therefore we are unable to confirm that ADP hydrolysis




A Cellular Automaton Model for Nucleotide Capping of Actin Filaments.
P.A. Dufor and C.J. Lusden. Department of Medicine, University of
Toronto, Toronto M5S 1A8.
The site-specific cleavage of bound nucleotide following F-actin
filament formation causes the barbed ends of microfilaments to be capped
first with adenosine triphosphate (ATP) subunits, then with adenosine
diphosphate bound to inorganic phosphate (ADP'Pi) at steady-state. The
barbed ends of depolymerizing filaments consist in adenosine diphosphate
(ADP) subunits. The decrease in stability of the barbed end cap
accompanying the transition from ADP.Pi to ADP allows nucleotide
hydrolysis and subsequent loss of Pi to regulate F-actin filament dynamics.
The presence of cooperation between spatial and temporal processes in the
formation of nucleotide caps raises questions that are uniquely suited to
models that can simultaneously predict and integrate concentration
dynamics and spatial organization. A novel computational approach to
nucleotide capping is described in which actin and regulatory protein
behavior are considered in terms of both spatial and temporal order. The
model captures known behavior and predicts that under conditions of high
filament number concentration an ADP cap can appear during steady-state
at the barbed ends of filaments, conferring on them an increased
dissociation rate not previously associated with this end of the filament.
The large number of filaments cleaves the bound ATP in the G-actin
monomer pool to ADP, after which fluctuations in the lengths of filaments
cause them to take up ADP subunits from the pool. The resulting barbed
end cap of ADP subunits grows approximately as the square root of time,
in accordance with the filament end's fluctuating back and forth in the
same manner as a random walker.
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Regulation of levels of F-actin and sites that nucleate actin polymerization in
Streptolysin-O permeabilized rabbit neutrophils. T. Redmond and S. H.
Zigmond. Department of Biology, University of Pennsylvania, Philadelphia,
PA. 19104-6018
We describe a permeabilized cell system for the study of factors
regulating F-actin dynamics. Rabbit peritoneal neutrophils incubated with
Streptolysin-O (1.5 IU of SO with 2.5x107 cells per/ml for 5 minutes on ice
followed by pelleting and resuspension in warm buffer) released 40% of their
lactate dehydrogenase but none of their lysozyme activity 3 minutes after
warming. Basal F-actin levels were not altered by the SO and were stable for 6
minutes after warming. GTPyS (100gM) added two minutes after warminginduced a 75% increase in F-actin levels. GTP and ATP at concentrations >10
fold higher induced less than a 20% increase in F-actin. G-actin added to the
medium entered the SO-cells; the extent of its polymerization was also
increased by addition of GTPyS. Cytochalasin blocked the GTPyS induced
increase in F-actin and the addidon of cytochalasin to cells after stimulation
with GTPyS caused a rapid decrease in GTPyS induced F-actin. GTPyS
(10iM) also increased the number of barbed end nucleation sites (assayed by
the rate of pyrene actin polymerization after Triton lysis). Nucleation sites
were also increased by ImM ATP (without a measurable increase in F-actin).
The combination of lmM ATP (but not 1mM ATPyS) and 100oM GTPySinduced more nucleation sites than the maximal increase by either nucleotide
alone. The GTPyS induction of F-actin levels and nucleation sites and the
lability of the induced F-actin to cytochalasin parallels the chemoattractant-
induced responses in intact cells. None of these responses were observed in
cell lysates. These results confirm and extend those showing that GTPyS
induces a rise in F-actin in electropermeabilized cells (Bengtsson et al., PNAS
87:2921, 1990; Therrien and Naccache, J. Cell Biol. [09:1125, 1989; Downey
et al., BBRC 164:700, 1989).
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Regulation of Stretch Activated Cation Channel (SA-cat) Activity Via the
CQtoskeleton is Similar to Hormonal Modulation. R.L. Duncan, LV. Harter,
D.W. L KA Hruska, Renal Division, Jewish Hospital at Washington
University, St. Louis, MO 63110.
We have previously shown that UMR-106.01 cellsk an osteoblast-like
osteosarcoma cell line, express activity of SA-cat channels regulated by
parathyroid hormone (PTH). PTH produces a 24 fold increase in the average
number of open channels(NP,) during cell membrane perturbation. This PTH-
induced increase in channel activity is independent of cAMP stimulation and
appears to be mediated through alternate pathways of signal transduction.
Previous studies have demonstrated that PTH cleaves f-actin filaments. Since
cytoskeletal connections should be essential to SA-cat channel operation, we
analyzed the effects of cytochalasin D, an actin depolymerizer, on SA-cat
channel activity. Cytochalasin D (5pM) produced a 10-fold increase in NP, of
the SA-at channels. Using rhodamine phalloidin stainin& we demonstrated
that PTH (5OnM) disrupts the subplasma membrane actin ctoskeleton
producing a prompt reorganization to a more diffuse cytosolic location. These
effects of PFH on the cytoskeleton are reminiscent of the actions of
cytochalasin D. We conclude that the disruption of the subplasma membrane
cytoskeleton by cytochalasin D increased SA-catchannel activity suggesting that
the stimulation of SA-cat channelsby PT may also be mediated through its
effects on the cytoskeleton.
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Actin filamns fom liquid crstals: A study a tSh effect f length ad
concentration. B, Fuuawa,& Kundra. X, Fechheimer, Department of
Zoology, University of Georgia, Athens, GA 30602.
Actin and its associated proteins play important roles in cell motility,
as the interactions between these proteins mediate the formation of different
macromolecular structures with different rheological, hence structural and
biological properties. Actin is a filamentous protein which could form liquid
crystals as predicted by Onsager (Ann. NY Acad. Sci. X, 627, 1949). In this
study, the ability of F-actin to form liquid crystalline domains was detected
using the anisotropic component of Rayleigh light scattering and by
observation of light transmitted through perpendicularly oriented polarizing
filters. All experiments were performed with freshly column purified actin
that was polymerized in the cuvettes, and subjected to no additional shear
forces after addition of the salts required for assembly. As liquid crystalline
domains formed, the intensity of the anisotropic component of Rayleigh light
scattering increased. The presence of macroscopic oriented domains in the
solutions was demonstrated by observation of the patterns of light transmitted
through crossed polars. The effect of actin filament length on the formation
of liquid crystalline domains was investigated by varying the ratio of gelsolin
to actin monomers. The formation of liquid crystalline domains was
dependent on the length of the actin filaments as well as concentration of F-
actin. As the actin filaments become longer, a lower concentration of actin is
required to achieve liquid crystalline domains. At a fixed actin concentration,
orientation attained a maximum value at a ratio of actin to gelsolin in the
range from 1500-2000, and decreased as the ratio of actin to gelsolin was
increased or decreased from this range. Nonetheless, shorter filaments
exhibit a higher degree of orientation. Filaments a few microns in length
form oriented domains at an actin concentration of about 50 tM suggesting
that this phenomenon may have important effects on the formation of
macromolecular structures in living cells. Supported by NSF DCB 9105087.
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Staurosporine Disrupts Actin Microfilament Bundles in Astrocytes:
Correlation with Changes in Cell Morphologay and Protein Phos2horvlation.
P.L. Moblev1, K Hedberge, O.H. Griffith, 'Dept. Pharmacology, Univ. of
Texas Health Science Center, San Antonio, TX 78284; 2Inst. of Molecular
Biology, Univ. of Oregon, Eugene, OR 97403.
Staurosporine induces stellation in cultured astrocytes by protein
kinase C (PK-C)-independent mechanisms. Cytoskeletal events associated
with this process were investigated by fluorescence and photoelectron
microscopy and correlated with changes in protein phosphorylation. A 20
min exposure to 100 nM staurosporine decreased the thickness and linear
appearance of microfilament bundles without major changes in cell shape.
Treatment for 60 min depleted virtually all microfilament bundles and caused
arborization and contraction of the cell body. The distribution of myosin
light chain was also altered, progressing from a linear punctate pattern
coincident with the linear pattem of filamentous actin to a diffuse pattern as
microfilament dissolution occurred. Staurosporine also affected
microfilaments in astrocytes depleted of PK-C indicating a PK-C-independent
action. Using 2-D gel electrophoresis, it was demonstrated that 100 nM
staurosporine caused a 50-80% reduction of 32P incorporation into four 20
kDa proteins after a 15 min treatment. This effect was also observed in PK-
C-depleted astrocytes. Other agents which induce astrocyte stellation,
including phorbol myristate acetate (PMA), H-7, and ML-9, also decreased
32P incorporation into the 20 kDa proteins and disrupted microfilament
bundles. In contrast to the action of staurosporine, the action of PMA was
dependent of PK-C. The early onset of decreased phosphorylation of the
20 kDa proteins and the disruption of microfilament bundles indicate a
possible relationship to subsequent changes in astrocyte morphology.
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Association of IP, recptor with actin in the liver. L. Fen and
N. Kraus-Friedmann. Department of Physiology and Cell Biology,
University of Texas Health Science Center - Houston, P.O. Box 20708,
Houston, TX. 77225
Inositol 1,4,5-trisphosphate (EP3) was shown to mediate the effects of
vasopressin on the mobilization of intracellular Ca2+from storage pools
in the liver. A paradoxical, previously reported finding is that the high-
affinity binding sites for [P3 in the liver are not found on the endoplasmic
reticulum-derived subcellular fraction but in the plasma membrane
fraction. This study was undertaken in order to examine whether or not
the IP3 binding sites are localized on cytoskeletal elements known to be
attached to the plasma membrane. Microsomal, mitochondrial and plasma
membrane fractions were prepared. In addition, plasma membrane was
extracted with the detergent NP-40, a procedure previously shown to
enrich the membrane in cytoskeletal elements. Actin content and IP3
binding to the various fractions were determined. Linear regression
analysis of the data gave an r value of 0.96 between the two parameters.
In addition, cytochalasin D pretreatment of the perfused liver inhibited the
metabolic effects of vasopressin. These data suggest that IP3binding sites
are associated with microfilaments, and that the association state of
microfilaments might play an important role in IP3 regulation of Ca2+




Actin mRNA has a polarized distribution in embryonic corneal epithelia
B.Yeh. W.Khoory. & K.K.H.Svoboda. Department of Anatomy &
Neurobiology, Boston University School of Med., Boston, Ma. 02118
The intracellular distribution of filamentous actin (F-actin) and B-
actin mRNA were analyzed in whole mount preparations of freshly
isolated corneal epithelia. In situ hybridization of f-actin mRNA and F-
actin staining with phalloidin were examined with a confocal laser
scanning microscope (CLSM). Biotinylated oligonucleotide probes
specific for the 8-actin mRNA were used. The probes were visualized
with avidin-FITC. The intracellular localization of actin mRNA was
similar to F-actin protein distribution. Previously, we had shown that
in the most apical optical sections of embryonic cornea, F-actin staining
delineated the cell borders and microvilli of the periderm cells. The F-
actin is also detected as an organized network at the interface between
the basal and periderm cells. At the level of the basal cell nucleus, F-
actin is sparse, only associated with the lateral cell membranes.
However, at the optical plane below the nuclei, the F-actin forms an
elaborate actin cortical mat Actin mRNA staining was visualized as
discrete punctate areas. The mRNA signal was positive at the optical
plane just below the periderm cell apical membrane surface, similar to
actin in microvilli. These cells also contained punctate staining near the
cell membranes and in the periderm-basal cell junction area. Atthe level
of the basal cell nucleus the actin mRNA was present in a punctate
pattern along the cell membranes. Below the basal cell nuclei the actin
mRNA staining increased at the level of the actin cortical mat. These
experiments are the first demonstration that actin mRNA is polarized in
embryonic corneal epithelia and is co-localized with F-actin in an intact
epithelial tissue. Supported by NIH ROI EY-08886.
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Discrete Structures of Non-filamentous Actin in Cultured Cells.
Long-guang Cao. Douglas J. Fishkind and Yu-li Wang. Cell
Biology Group, Worcester Foundation for Experimental Biology,
Shrewsbury, Massachusetts, 01545.
A large fraction of actin in typical non-muscle cells is
known to be non-filamentous. However, it is unclear whether
such unpolymerized actin exists in a free-diffusible form in
the cytoplasm, or is localized at specific sites. We have used
a combination of fluorescent staining and fluorescent analog
cytochemistry to determine the distribution of non-filamentous
actin in cultured NRK cells. Immunofluorescence with two
different monoclonal antibodies against actin revealed numerous
discrete bead-like structures in addition to stress fibers,
while staining with fluorescent phalloidin showed predominantly
stress fibers. Such bead structures are most prominent in the
region behind lamellipodia and stained heavily with the
vitamin-D binding protein and anti-vitamin-D binding protein
antibodies. Profilin, as studied with an affinity-purified
polyclonal antibody, is also concentrated at these sites.
Moreover, both fluorescently labeled actin and profilin are
capable of incorporation into bead structures after
microinjection into living cells. Time-lapse recording of
cells containing fluorescent profilin indicates that bead
structures undergo dynamic movement and changes in size. Our
results indicate that at least part of the unpolymerized actin
molecules are localized at discrete sites, as complexes with
profilin or possibly other sequestering proteins. These
structures may represent sites of actin nucleation and assembly
upon the stimulation of specific signals.
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Chemoreceptor-Mediated Mobilization of Actin into and out of
Anemone Hair Bundles. G. Watson, J. Roberts, M. Parakkal*, and
B. Kachar*. Dept. of Biology, Univ. Southwestern Louisiana,
Lafayette, LA 70504; *NIDCD, NIH, Room 5D50, Bldg. 10,
Bethesda, MD 20892
Certain hair bundles on anemone tentacles consist a
central kinocilium surrounded by a single circlet of large
stereocilia and several circlets of smaller stereocilia.
Stimulating surface chemoreceptors for N-acetylated sugars
induces the hair bundles to elongate while shifting
responsiveness to lower frequencies. Stimulating
chemoreceptors for proline induces shortening of the bundles
while shifting responsiveness to higher frequencies. The mean
elongation of the bundles induced by N-acetylated sugars was by
16% while the mean shortening of the bundles induced by proline
was by 31%. Examination of confocal optical sections of
rhodamine-phalloidin stained specimens revealed that
stimulating receptors for N-acetylated sugars caused both a
significant increase in diameter (19%) and in fluorescence
intensity (50%) of the large stereocilia. Stimulating
receptors for proline resulted in a decrease in fluorescence
intensity to, or below, control levels without affecting
significantly the diameter of the large stereocilia. These
data suggest that activated receptors for N-acetylated sugars
induce incorporation of actin into the stereocilia while
activated receptors for proline mobilize actin out of these
stereocilia. Supported by NSF DCB-9105058, LEQSF RD-A-44 and
ENH-107.
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The zinc chelator N.N.N'.N'-tetrakis(2-Rvridylmethyl)
ethvlenediamine (TPEN) counteracts protein kinase C (PKC)
mediated actin reorganization without blocking PKC
translocation. K.K. Hedberg. G.B. Birrell. and O.H. Griffith,
Inst. of Molecular Biology and Dept. of Chemistry, University
of Oregon, Eugene, OR 97403
The cell-permeant heavy metal chelator TPEN was found to
counteract the reorganization of the actin cytoskeleton
resulting from exposure of cultured cells to phorbol myristate
acetate (PMA). Fluorescence microscopy and the higher
resolution technique of photoelectron microscopy were used to
monitor actin patterns in PTK2 and Swiss 3T3 cells, in which
0.25-2 hr pretreatment with 25-50 pM TPEN dramatically reduced
actin alterations from subsequently added PMA. Phorbol ester
induced actin reorganization is dependent on activation of
PKC; however, TPEN did not inhibit partially purified PKC in
an in vitro PKC assay system, nor did it block PMA-induced
phosphorylation of the 80K PKC substrate protein in Swiss 3T3
cells. TPEN has been reported to block PKC translocation in a
lymphocyte system, but the translocation of PKC in PMA-treated
Swiss 3T3 celli was not reduced by pretreatment with TPEN.
Addition of Zn* at the end of the TPEN pretreatment prior to
PMA exposure, eliminated the protective effect of TPEN on the
actin cytoskeleton and established chelation of metal ions as
the mechanism of action of TPEN. The results indicate that
the PMA-induced disruption of the actin cytoskeleton in
cultured cells depends on a specific interaction of PKC with a
heavy metal, probably zinc. Supported by Grant #CA 11695 from
the National Cancer Institute.
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Two Novel Low My Isoforms of TroRomyosins ExRressed in Human
Fibroblasts. R.E.Noly, J.L. -C. Lin, and J.J.-C. Lin, Dept. of
Biological Sciences, Univ. of Iowa, Iowa City, IA 52242
Multiple isoforms of tropomyosin in human fibroblasts
are now known to be expressed from four distinct functional
genes. These isoforms are classified according to their size
as high M7 isoforms (284aa, hTMl, hTM2 and hTM3) and low My
isoforms (248aa, hTM4 and hTM5). Through cDNA cloning, we
have obtained two new cDNA clones that appear to encode two
novel low M7 tropomyosin isoforms (called hTM5a and hTM5b).
The hTMSa and hTM5b differ from hTM2 and hTM3, respectively,
only at their N-terminal regions and represent the low My
version of hTM2 and hTM3 isoforms. Deduced amino acid
sequence predicts that these isoforms have the same pI as
that for hTM5, therefore, the protein spot in the 2D gel
previously identified for hTMS isoform should also include
these two isoforms. Northern blot analysis shows that
hTM5a/hTM5b isoforms are predominantly expressed in human
firbroblasts and small intestine. In addition, brain, liver
and cardiac muscle but not stomach and skeletal muscle
expressed these two isoforms in a detectable amount. This
special tissue distribution pattern may suggest a different
function for hTM5a and hTM5b. From the same cDNA library
constructed from human fibroblast poly(A)+ RNAs, we have also
obtained a full-length clone encoding a smooth muscle type a-
tropomyosin (called hTMsma). Nucleotide sequence comparison
indicates that the same a-tropomyosin gene in human
fibroblast encodes hTM5a, hTM5b, hTM2, hTM3 and hTMsma.
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The Role of Trooomvosin and Actin Binding Protein in the Stable F-actin
Pool of Human Neutrophils. RG Wafts and TH Howard, Department of
Pediatrics, Univ. of Alabama, Birmingham.
F-actin is a major component of the neutrophil(PMN) cytoskeleton. In
basal PMNs, F-actin exists In two structurally and functionally distinct
pools: stable F-actin(SF)-cold insensitive, not depolymerizable by
dilution,Triton insoluble, and distributed in pseudopods and sub-
membranous locations; and labile F-actin (LF)-unstable in cold, Triton
soluble, diffusely distributed, and gelsolin enriched. The element(s)
confening these unique properties to the SF are unknown, but logically
Include distinct actin regulatory proteins. To study the morphologic and
functional determinants of the SF, we compared the distribution and
quantity of two candidate regulatory proteins, tropomyosin (TM) and
actin binding protein(ABP) In F-actin (SF, LF) and G-actin pools isolated
from human PMNs In suspension using immunoblots and ionic extraction.
F-actin content of SF and LF was measured by NBDphallacidin binding and
gel scans. The results show that: 1)ABP and TM are uniquely associated
with F4actin In the SF of PMNs (TM- 85% In SF, 15% in G-actin; ABP
100% SF), 2) ionic extraction of the ABP and TM-rich SF of Triton lysed
PMNs with KCL (40mM to 1.2M) causes loss of > 80% of SF to G-actin
in two major phase- 40% loss concurrent with ABP release from SF to G
at 150-300mM KCI and a further 40% loss concurrent with TM release
from SF to G at ?800mM KCL. The results suggest that 1) both ABP and
TM are required to stabilize fracions of SF In PMNs, and 2) structural
subpools of SF exist In PMNs based on differential resistance to ionic
extrion and association with ABP or TM. These distinct subpoois of




Stnuctural and Functkiona Prooerlea of Bacterdfl Exoraae Nonmuasle and
StitdMseT
_Mis,..anaJS o2o,MS and
J.G. Izant. Dept. of Genetics, Yale Univ. School of Medicine. andDept of Biology,
Yale Univ.. New Haven, CT 06510.
We have used bacterIlly produced troponyoslns (IM) to study th
functnal diversity of TM isoorms In vitro. A 248 amino acid Xenopus Iaevls
oocyte nonmusde TM (XTm4), a 284 amino acid chicken flbrobat nonmie a TM
(CTm4), and a 284 amino acid chicken striated muscle a TM (CTm7) were
expresaed from doned cDNAs using a nonfusion bacteria exprsilon system. The
chineric TMs CTm47 and CTm74 were generated by the recprocal exchange of
restriction fragments encoding the divergent carboxyl termIW domains of the
nonmuscie TM CTm4 and striated muscie TM CTm7. The purified proteins are heat
stable dimers that form paalcrystl In 50 mM MgCL, In F-actn cosedimentatlon
assays using the purified bacterially produced proteins, the 284 amino acid
tropomyosins reach saturation at one mole of TM for every 7 mol of actin, whereas
the 248 amino acid oocyte TM XTm4 Is associated with oniy 6 moles of actin.
Nevenheless, the oocyte TM XTm4, the fibrobiast TM CTm4, the chIieric TM
CTm74, and a striated muscie aTM purified from chicken breast tissue each have
similar affinities for F-actin. This suggests that the In vitro affinity of a paular TM
isoform for F-actin Is not directly relted to the number of actin monome it
contacts In the F-actin helix. The striated muscie TM CTm7 and the chimenic TM
CTm47 (which has the striated muscie carboxyl terminal domain) have lower
affnities for F-actin than the other TM iWoforms tested, suggesting that the stiated
muscie TM carboxyl terminal domain is an Important determinant for F-actin binding
and may be particularly sensitive to the method of purification. Although there are
differences In actin-binding and myosin regulation (see accompanying abstract), al
of the bacterialy produced tropomyosins inhlbit the calcium-dependent severing of
F-actin by vilin. These results suggest that the bacterially produced TMs are
functbnally similar to TMs purified from striated muscie and nonmuscie tissues, and
provide a source for TM isoforms not amenable to standard puriflcaton strategies.
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In Vitro and in Vivo Characterization of Tropomyosin Isoforms.
M.F. Pittenger and D.M. Helfinan. Cold Spring Harbor Laboratory, Cold
Spring Harbor, NY 11724-2208.
Recently, we reported the production and purification of four
isoforma of tropomyosin, products of the rat a TM gene, in E. coli
(Pittenger and Helfman, J. Cell Biol., in press). We showed that each
isoform was full length, bound with high affinity to F-actin and, when
fluorescently labeled and microinjected into cultured fibroblasts, these
TMs localized readily to the microfilaments. Surprisingly, in vitro
competition experiments showed TM 5b, a 248 aa. TM, could displace
the 284 a.a. TMs 2 and 3 as well as TM 5a (248 a.a.). However, the in
vivo localization of the isoforms revealed no preferential localization to
particular regions of the fibroblast cytoskeleton. We have also utilized
similar methods to study the two alternatively spliced products of the rat
P gene and have previously reported some of the results [Pittenger,
Kistler and Helfman (1990) J. Cell Biol. 115:305a]. Interestingly, the
skeletal 0 gene product produced in E. coli binds F-actin while the
fibroblast product, TM 1, binds only very weakly. A chimeric TM 1
protein (ch610) containing the skeletal carboxy terminus (exon 10) bound
F-actin readily while the corresponding chimeric skeletal x TM (ch711)
with the fibroblast carboxy terminus (exon 11) bound poorly. Binding of
microinjected, fluorescently derivatized 0 TMs and chimeras to
microfilaments in vivo showed no labeling of microfilaments with TM 1
or ch711 but brightly labeled filaments with SK 0 TM and ch610.
Currently, we are utilizing a baculovirus expression system to obtain an
acetylated TM 1 protein to address the question of whether an acetylated
amino terminus alters TM 1:F-actin association.
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Cognir and Sequ«dngfof an HSP70 Related Protein from, DidjaNlium:
Relationshpbo inac:tman A8-onkB9-ReuAtdQRC in rbn.RJ. sdd
.Sautara,andTS. Condelis, Deparment of Ana ty and Sruct lBiology,
Albert Einstein College of Medicne, Bronx, NY 10461 (Spon. by B.T. Edmonds)
Amoeboid dhnotbis involves a regulated increase in nucleation activity
correlated with anince inactnpolymeiztion occuring seconds after
chemontctic stimulation. We have previously isolated an agonist-regulated
capping activity from Dict,estd,um that is assodated with a 70 kD band we call
aginactin [Sautreret al., (1991)1. Biol.Chea 266,245331. Agnactin neither severs
F-actin nor nudeates actin polymerization and is Ca2+insensitive for all activitiesUsig affinity-purified polyclonalaginactin antibodies generated aganta purified
agiuctin pool, we screened a vegetative Difyustdium lambda-gtII cDNA lbray
and isolated a 1.9kb done. Ihe 1.9kb clone shows an overll sequence identityof72% to the 70 kd heat shock protein HS7O from various species. One uniqueproperty of allHSP70sis the binding toATP-agarose affinitycoluns. Aginctin
antibodies stain a 70 kd band that isspedifically eluted with ATP froman ATP-
agarose column, suggesting that the identity of the 1.9kb done isolated with these
antibodies is correct.Aginactin-like capping activity isalso detected in the ATP
eluent from ATP-asgarosecolumns, suggesting that HSP-70 is assocated with
aginactin activity. Moderate stringency genomnic Southernblots of Dicfyestdium
AX3 DNA were probed with a0.22kb fragment from the highly conservedF-end
of the 1.9kb clone. Out of the 8 restriction digests,EcoRI yielded threestronglyhybridizingbands at 6.4, 6.2 and 3.3kb and two lss inten bands at 8.5 and 4.7 kb,
suggesting that Dictytdium contains no less than 5 HS7O related sequences. Twodimensional gels revealed that aginactin exists as four ditinctLoekxtrc variants
with prsranging from 6.2 to64, a pattern consistent with previous reports of
HSP70s from Dictyostdium.
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Trpgomoin IsdonnsDif all Reoae Skele Muscle Mvgin and Brush
Border MyogWn I. A.S. Fanning J.S. Wd2ffi, Ul.S. e , and J.G. Izn Dept
of Genetcs Yale Univ. School of Mediine, and Dept d Bidogy, Yale Univ.. New
Haven, CT 06510.
We have shown that a 248 amino acid Xwxpus sevs oocyte nonmuwce
tropomyosin(TM) QtTm4). a 284 amino acid fibroblast nonuce a TM (CTm4), and
a 284 amino acid striated muscle a TM (CTm7) produced In a bacterial ssion
system retain pxpties of TM syrnhized hi v (m accompanyIng
absta). We have ued the puriNed bacterially produced TMs to sudy the
regultion of strited muscle myosin 11 and brsh border (BB) myosin I by different
TM lalorms. CTm4 and CTm7 inhIbIted the actin-ctivated MgATPase actMty of
myosin S, by 90% and 70%, respecty, atlowinor cncentdtionsofmyosin
relative to actn and high conctrations of Mg ATP. Hwver, under the same
conditons the oocyte TM XTm4 inrased the actin-activated MgATPase activty of
myosin S, two to three-oid. This was accompanied by an increase In the Vmax of
myosin. In contrast, the oocyte TM XTm4, fibroblast TM CTm4, and striaed muscl
TM CTm7 all inhibited the actin-activated MgATPase actvky d BB myosin I by
approxImately 80%. Consistent with hes observations, the In vto motlity d F-actin
on myosin 11 filawnts (3-5 /sec) Is increased 25-65 % by oocyte TM XTm4, but
strongly inhibited by chicken striated muscle a TM purifed fromtsu, and Inhibited
to a esser extent by fibrobla TM CTm4. F-actin motiliy on BB myosdn 1 (50
nm/sec) Is completely Inhibited by al of the TM isoorms. These resul Indicate that
the 248 amino acid Xenopus laevis oocyte TM can dIferentlly reguate BB myosin I
and myosin S1 mechanochem_stry, and demonstrates a novel reguty mechanism
for myosin by a nonmusle TM.
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Induct_on of Neuronal T M ns by NGF is DeRendent on
Morohological Differention. R.P. Weinberger*. R.C. Henke*.
0. Tolhurst*. P.L. .Ieffrev*. and P. Gunninge, Developmental
Neurobiology* and Cell Biology Units', Children's Medical
Research Institute, Westmead 2145, N.S.W., Australia. (Spon.
by E. Hardeman)
We have examined the expression of the brain specific tropomyosins
TmBr-1 and TmBr-3, during neuronal differentiation. Both TmBr-I and
TmBr-3 appear to be neuron specific. TmBr-1 and TmBr-3 mRNA levels
increased during the most active phase of neurite outgrowth in the developing
rat cerebellum. In PC12 cells stimulated by NGF to differentiate to the
neuronal phenotype, TmBr-1 and TmBr-3 levels increased with an increasing
degree of morphological differentiation. Induction of TmBr-1 and TmBr-3
expression only occured under conditions where PC12 cells were permitted
to extend neurites. NGF was unable to maintain levels of TmBr-1 and TmBr-
3 with the loss of neuronal phenotype by resuspension of differentiated PC12
cells. The unique cellular expression and regulation in vivo and in vitro of
TmBr- I and TmBr-3 strongly suggests a critical role of these tropomyosins in
neuronal microfilament function. The findings reveal that the induction and
maintenance of the neuronal tropomyosins is dependent on morphological
differentiation and the maintenance of the neuronal phenotype.
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MKaning of Caldeamon Domain Reanonsible for the Inhibition of
Actin Severing and Capping Activities of Gelsolin. 1L.
Takiguchi, and S. Yaashiro, and. Matsusur Department of
Mol. Biol. & Biochem. Nelson Hall, Busch Campus, Rutgers
University, Piscataway NJ 08855-1059
We previously reported that caldeamon together with
troponyosin effectively inhibits actin severing and capping
activities of gelsolin. To elucidate the structure/function
relationship of caldesson, ye have dissected the functional
doaain of caldesmon required for the inhibition of gelsolin
activities. The C-terminal half (E235-V531) of rat nonmuscle
caldeamon expressed in bacteria stimulates actin binding of
tropomyosin as observed with intact caldesmon. This truncated
protein together with tropomyosin inhibits actin capping and
severing acitivities of gelsolin as effectively as intact
caldesmon does. While the fragment can make F-actin aggregate
into bundles as reported previously, this bundle formation is
inhibited by the binding of tropomyosin to actin. On the
other hand, the smaller C-terminus (C375-V531) generated by
chemical cleavage of the C-terminal half (E235-V531) with
NTCB, neither stimulates actin binding of tropomyosin nor
inhibits the gelsolin activities. The smaller C-terminus
(C375-V531) contains the minimum regulatory domains
responsible for the inhibition of tropomyosin-activated
actomyosin ATPase, as well as the binding to actin, calmodulin
and tropomyosin (Hayashi at al., JBC2":355, 1991),
suggesting that the domain for the inhibition of gelsolin
activities lies outside of the minimum regulatory domain.
Further analyses are in progress. Supported by an ACS grant.
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Force-Expressed Human Fibroblast Caldesmon Fragments in CHO
Cells. J.L. -C.Lin, D.D. Wamboldt, A. Sen, L. -F. Liu,
Novy, K.S. Warren, C.S. Patil, H.I.-Yeh, and J.J.-C. Lin.
Dept. of Biological Sciences, Univ. of Iowa, Iowa City, IA
52242.
Human fibroblast caldesmon (hCaD) is a protein
postulated to participate in the regulation of actomyosin
based contraction/motility. The cDNAs encoding the N-terminal
(aal-243) and C-terminal (aa244-538) fragments of hCaD have
been subcloned into both prokaryotic and eukaryotic
expression vectors. Bacterially made recombinant proteins
were purified and characterized. The C-terminal fragment
(CaD39) of hCaD bound well to F-actin, whereas the N-terminal
fragment (CaD40) did not bind at all. In an in vitro
reconstitution system, CaD39 protein was able to inhibit the
actin-tropomyosin activated HMM ATPase activity. This
inhibition is partially reversed by Ca++/calmodulin. Transient
and stable transfections of cDNAs into CHO cells revealed
that the C-terminal fragment alone was able to associate with
stress fibers and ruffle membranes. Characterization of
several CaD39 expressing clones with stress fiber
association, in terms of effects on various motile behaviors,
are currently underway. On the contrary, transfection of a
cDNA clone encoding CaD40 showed no detectable stress fiber
association. Instead, all CaD40 expressing cells exhibited a
strong nuclear and nucleolar localization, in addition to
various amounts of cytoplasmic localization of CaD40. In
CaD40 highly expressing cells, endogenous xstress fibers could
not be detected. Also, a distorted cell shape was often seen
with these cells.
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Human Caldesmon Isoforms Are Generated by an Unusual Alternative
Splicing Mechanism. M.B. Humphrey and J. Bryan, Department of Cell
Biology, Baylor College ofMedicine, Houston, TX 77030
Caldesmons are a small family of potential actomyosin regulators
with both tissue specific and differentially regulated expression. The smooth
muscle and non-muscle forms have identical N-terminal myosin binding and
C-terminal tropomyosin/calmodulin/actin binding domains. The smooth
muscle form has a long central helix separating these domains; non-muscle
caldesmon is missing this helical spacer. Several lines of evidence suggest a
single human gene which is transcribed into a common pre-mRNA from
which the isoforms could be alternatively spliced. To examine this
possibility and to determine the structure of the gene, we have used cDNA
clones to obtain three human caldesmon genomic clones spanning > 60 kb.
Southern analysis, PCR, restriction mapping, and sequencing show these
contain five exons, 112, 1087, 78, 144, 262 bp, that encode 70 % of the
peptide sequence. The large exon is atypical for vertebrate internal exons
which are usually < 300 bp. Ten of the intron-exon junctions are normal
with classic consensus splice site sequences. An odd eleventh intron-exon
boundary formed by an internal 5' donor splice site occurs in the large exon.
Usage of this odd splice site deletes 687 bp from this exon. This deletion,
plus skipping the next 78 bp exon, removes the central helix generating the
non-muscle isoform. Thus, alternative recognition of an internal 5' donor
splice site and exon-skipping account for the generation of the two major
caldesmon isoforms. (Supported by NIH Grant GM26091 to J.B.)
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Nucleotid-dependent Interactions between Monomeric Actin and Gelsolin.
L.E. Laham. J. Lamb and PA. Janmey. Department of Experimental
Medicine, Brigham and Women's Hospital, Boston, MA 02115.
Ca2+ and phosphoinositides regulate gelsolin's control of actin
filament length in vitro. We have discovered an additional mechanism that
regulates the interaction of monomeric actin with gelsolin that Is dependent
upon the state of adenine nucleotide bound to actin. Gelolin reacts very
slowly with ATP-bound G-actin as judged by the slow loss of actin filament
severing activity when gelsolin is first incubated with an excess of ATP-G-
actin. Inclusion of 2 mM Mg in the incubation solution accelerates the
formation of gelsolin-actin complexes, but the rate is still 100 times
slower than the rate of complex formation between gelsolin and ADP-G-
actin. G-actin bound to ATP--6 binds even slower to geisolin than does
ATP-G-actin, suggesting that hydrolysis of ATP as well as possible
nucwotide exchange determine the rate of gesolin-actin binding. The
ability to discriminate between ADP- and ATP-actin is aiso present in a
bacterially expressed N-terminal half of gelsolin, but is absent In N-
terminal 160 and 260 residue gelsolin fragments that retain severing
ability. Precipitation reactions using anti-gesolin antibodies revealed
complementary results. Very lifle ATP-actin precipitates with gelsolin in
ATP-containing solutions. Increasing the divalent cation concentration
resuits in greater actin precipitation over time, eventually yielding a
similar level to that achieved by precipitation of ADP-actin/gelsolin in
ADP-containing buffers. The strong preference of geladin for ADP-bound
actin suggeste that newly polymerized actin filaments at the leading edge of a
moving cell may resist fragmentation by gelsolin until after filament-bound
ATP hydrolyzes.
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Overexpression of Smooth Muscle and Non-Muscle Isoforms of Caldesmon
in Cultured Cells. R. Edwards, I. Surgucheva. and J. Bryan. Department of
Cell Biology, Baylor College ofMedicine, Houston, TX 77030.
Caldesmon is an actin binding protein expressed in smooth muscle and
non-muscle cells as two isoforms generated by exon skipping. Both isoforms
are phosphorylated by p34 cdc2 kinase in vitro and in vivo at mitosis,
inducing dissociation from actin filaments. To study the effects of
overexpression of caldesmon isoforms in cultured cells, cDNA's for both the
avian smooth muscle and non-muscle isoforms of caldesmon were cloned
into the eukaryotic expression vector, pCDNA-1, and transiently transfected
into COS-7 and Chinese hamster ovary cells. Caldesmons were
immunoprecipitated and visualized using anti-caldesmon antibodies. The
major result is that overexpression of sense constructs generated caldesmons
with higher apparent molecular weights than controls. Antisense constructs
had no effect on expression of either isoform. Overexpressed smooth muscle
caldesmon had an apparent Mr of 150 kDa, 7 % greater than the endogenous
form, 139 kDa. The overexpressed non-muscle form had a 14 % increase in
Mr from 94 to 110 kDa. Immunostaining of COS cells overexpressing
smooth muscle caldesmon showed an increase in diffuse staining, while
overexpression of the non-muscle isoform showed microfilament associated
staining. The nature of the protein modification responsible for the mobility
shifts is unknown, but treatment with calf intestinal alkaline phosphatase does
not alter the mobility of the overexpressed caldesmon bands. (Supported by
NIH Grant GM26091 to J.B.)
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Low pH activates Gelsolin in the absence of Calcium. J. Lamb. P.G. Allen. B
Tuan.T. Nakayama' & P.A. Janmey. Exp. Med. Div., Brigham & Womens
Hospital, Boston, MA 02115 and * Whitehead Institute, Cambridge, MA.
The activation of gelsolin by micromolar Ca2+ is thought to be involved in
receptor-mediated reorganization of the actin cytoskeleton. Experiments
using the Ca2+ probe Fura-2 show that the Ca2+ requirements for
activating gelsolin's actin nucleating and severing functions are higher than
previously reported, with half-maximal activation observed at 10 PM
Ca2+. These findings suggest that there are alternative pathways to activate
geisolin. In the absence of Ca2+, decreasing the pH to between 6.0 and 5.6,
activates the filament severing function of gelsolin to levels equal to those of
Ca2+-activated gelsolin at neutral pH. This pH-activated severing activity
remains inhibitable by PIP2, implying that it does not result from
destabilization of F-acffn at low pH. A Ca2+ sensitive fragment consisting
of the first 160 amino acids of human cytoplasmic gelsolin also
demonstrates severing activity at pH <6.0 in the absence of Ca2+. In
contrast, the N-terminal half of villin core, which has calcium sensitive
severing activity and is structurally similar to gelsolin, maintains Ca2 +
regulation of severing activity at low pH. The diffusion constant of gelsolin
measured at pH 5.5 and 6.5, as determined by dynamic laser light
scattering, indicates that the molecule undergoes a shape change similar to
that reported upon binding Ca2+ at neutral pH. These results suggest a
mechanism by which gelsolin may be activated in vivo under conditions
where Ca2+ transients do not occur.
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Tensin, an SH2-containing Protein, has Actin Capping and
Bundling Activities. S. H. Lo, J. H. Hartwig,* P. A. Janmey,* and L.
B. Chen. Dana-Farber Cancer Institute, *Brigham and Women's Hospital,
and Harvard Medical School, Boston, MA02115.
Molecular cloning and sequencing of chicken tensin predicts a
187kD protein with a src homology 2 (SH2) domain at its C-
terminal region (GenBank accession numbers: M96624, M96625).
Chicken tensin cDNA expressed in a Baculovirus system shows
the same apparent molecular size (200kD) as that purified form
chick embryo fibroblasts. Purified recombinant full-length tensin
has both capping and bundling activities for F-actin. The capping
activity is detected by reductions in the rate of actin
polymerization and the amount of polymerized actin at steady
state. Electron microscopy reveals the cross-linking of actin
filaments when tensin is present. A series of truncated tensin
cDNAs were constructed and expressed in a pGEX as fusion
proteins with gluthathione transferase. Upon purification, actin-
binding activity of these fragments is measured by a
cosedimentation assay. The results suggest that there are two
actin-binding domains at the N-terminal region of tensin. By
possessing actin-binding activity at the N-terminal region and
phosphotyrosine-binding activity at the C-terminal region and
being itself a target for phosphorylation (Davis et al., 1991,
Science,252, 712), tensin may provide a coupling between
cytoskeletal elements and signal transduction pathways.
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Profilin Isoform Distribution in Acmnthamoeba castellanil.
M.R. Bubb, I.C. Bainms, and E.D. Korn, Laboratory of Cell
Biology, National Heart, Lung, and Blood Institute, NIH,
Bethesda, MD 20892.
Profilin II, the basic isoform of profilin from Acanthaaoeba
castellani , has higher affinity for phosphotidyllnositol-4,5-
bisphosphate than does the acidic isoform, profilin I (Machesky
et a1. (1990) Cell Regulation 1. 937), but no evidence has yet
been published to suggest that these different binding
specificitles have in vivo significance. We have utilized the
differences in the sequences of profilin I and profilin II to
develop polyclonal antibodies that can specifically distinguish
between these isoforms under both native and denaturing
conditions. Using a separate polyclonal antibody that
recognizes both isoforms, an imunofluorescence pattern was
obtained that was suggestive of both cytoplasmic and plasma
membrane localization, with relative exclusion of profilin from
newly extended pseudopods, and a relative increase of profilin
concentration in microspikes. These observations were confirmed
at higher resolution with immunoelectron microscopy.
Imaunofluorescence studies with the antibody specific for
profilin II showed a more pronounced localization to the plasma
membrane suggesting that profilin II accounts for most of the
membrane fluorescence observed with the non-isoform specific
polyclonal antibody. Characterization of an antibody specific
for profilin I is in progress. These results are consistent
with the possibility that the two isoforms of profilin are




Charcterization of the Profilin Multigene Family in Maize, CLSiaiger,K.C. Goodbody, PJ. Huss*, BlK. Drobak and C.W. Lloyd. Dept. of
Cell Biology, John Innes Institute, Norwich, NR4 7UH, UK, and * Dept.
of Biochemistry, University of London, Egham, TW20 OEX, UK.
Actin genes and protein are well characterized in higher plants; however,
the interacting proteins that control microfilament polymerization and
organization remain virtually unknown. Recently, the actin- and
phospholipid-binding protein, profilin has been identified as a major pollen
allergen from birch (Valenta et al. 1991. Science 253: 557). Southem
blots and sequencing data from three unique cDNAs, isolated from a maize
pollen cDNA library, demonstrate that profilins are encoded by a small
multigene family in higher plants. The deduced amino acid sequences for
these three genes are 90% identical to each other, 75% identical to birch
pollen profilin and 30-40% homologous to animal or fungal profilins.
Plant and animal profilins show greatest similarity near their COOH- and
NH2-termini. Northem analysis using gene specific probes reveals that
profilin expression is tissue specific. Two profilin messages are abundant
in anthers containing mature pollen, isolated pollen and germinated pollen,
and are absent from premeiotic or meiotic male flowers, cob, embryo and
non-reproductive tissues. To characterize the function of plant profilin, we
have examined actin- and polyphosphoinositide-binding. Three protein
isoforms are resolved on 2-D gels of mature and germinating pollen
extracts and each is recognized by an antibodyraised against birch profilin.
Using poly-L-proline affinity chromatography, we have purified profilin
and profilactin complexes from maize and poppy pollen and work is
underway to examine the possibility of isoform-specific actin interction.
Finally, we provide evidence that plant profilin is able to modulate
polyphosphoinositide metabolism. Micromolar quantities of recombinant
or native purified profilin specifically inhibit the phosphoinositidase C
(PLC; Type II) associated with isolated bean leaf plasma membranes.
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Immunolocalization of Myo2p. a type V myosin, and of Smylp,
kinesin-related protein that can suppress a defect in MY02.
Sue H. Lillie and Susan S. Brown, Dept. of Anatomy and Cell
Biology, The University of Michigan, Ann Arbor, MI 48109.
In the budding yeast, Saccharomyces cerevisiae, virtually
all growth is directed to the bud. The delivery system re-
quires an intact actin cytoskeleton and seems not to require
microtubules (MTs), although both actin filaments and MTs
suitably arrayed to be involved. The unconventional myosin en-
coded by the MY02 gene has been implicated in the delivery
secretory vesicles to the bud based on the phenotype of
temperature sensitive myo2 mutant. We identified the SMY1
as one that, when overexpressed, can suppress defects
myo2 mutant. Surprisingly, SMY1 encodes a protein with similar-
ity to the motor domains of members of the kinesin family.
raised antibodies to the tail of Myo2p and to the tail of Smylp
and have found that these proteins colocalize as a discrete
at presumptive bud sites and at the tips of small buds.
cytokinesis both localize to the mother-daughter neck. These
are all regions of active growth where actin "spots" are
concentrated. Deletion of SMY1 produces no phenotype: actin,
tubulin and Myo2p all localize normally. Most likely,
is required for proper localization: Ab staining in cells con-
taining only a truncated gene (missing 1/3 of the tail) re-
vealed only cytoplasmic glow. Preliminary experiments with no-
codazole suggest that MTs are not required for localization
Smylp or of Myo2p. During heat shock actin undergoes major re-
arrangement, while MTs are not obviously perturbed. Smylp
Myo2p both delocalize and recover with a timecourse similar
that of actin.
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Ca2*-Calmodulin Inhibition of the PhosRhorvlation of
AcanthamoebaMyosin IA byMvosin I Heavy Chain Kinase (NIHC
Kinase). H.Brzeska, D. Kulesza-LiRka, Baines, and ELD.
Knm, Laboratory of Cell Biology, NHLBI, NIH, Bethesda,MD
20892. (Spon. by C. Bailey.)
The actin-activatedMg -ATPase of Acanthameba myosins I
depends on their phosphorylation by NIHC kinase. The NIHC
kinase is activated by autophosphorylatlon, which is greatly
enhanged by acidic phospholipids independently-of the presence
of Ca. NIHC kinase binds calmodulin in a Ca"-dependent way.
Binding of calmodulin competes with the binding of phospholipid
and therefore abolishes pbospholipid activation of kinase
autophosphorylatlon. Ca
-calmodulin does not significantly
affects autophosphorylation of NIHC kinase in the absence of
phospholipid. In agreement with this, we have shown
previously, using a synthetic peptide corresponding tohhe
phosphorylation site of myosin IC as substrate, that Ca
calmodulin inhibits activity of NIHC kinase in the presence of
phospholipid but not in the absence of phosphojipid. In the
present work, we investigated the effect of Ca -calmodulin on
the activity of NIHC kinase using myosin IA as a substrate. We
show that, in agreement with the data obtained for the
synthetic peptide, the phosphorylation of myosin IA is enhanced
by acidic phospholipids and this is abolished by Ca2'-
calmodulin. However, in contrast to studies with the synthetic
peptide-as substrate, Ca'-caluodulin also inhibits
phosphorylation of myosin IA in the absence of phospholipid.
This inhibition is not accompanied by inhibition of kinase
autophosphorylait ion.
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The Yeast MY04 Gefe Encodes a TI= V MXosin Simfilarto the MYO2GanaProduct. B.K. HaareLSiHLiife, A.S. Petzold, andS.S.Brown. Department of
Anatomy and Cell Biology, The University of Michigan, Ann Arbor, Ml 48109-0616.
The MY04 gene of yeast potentially encodes an -170 kD protein (1471 codons)
withi) a standard myosin head (motor domain) that most closely resembles that of the
yeast MY02gene product, folowed by II) six 'l domains (putative calium-independent calmodulinbinding sites),iii) a region of potential coiled-coI secondary
structure, and iv) an -450 anino add tail that is -30% sirmilar to the MYO2tail.
Deletion of the MY04 gene in yeast produces no detectable pherotype, even In
conjunctionwith tenrperature-sensitive alleles ofMY02 or actin, orwith deletion
mutations of MYO1 (yeast myosin heavy chain), MYO3 (a type myosin Identified by
H. Goodson and J. Spudlch), or SVY1 (a suppressor of rnyo2-661S). However,
mnoderate overproduction of the MY04 (or MY02) gene product produces a
distinctive phenotype; some cells fail to divide, forming short chains of slightly
elongated cells, while other cells becomelarge and unbudded. Expression of
various truncated forms of the MYO4 gene suggest that the generation of this
phenotype requires anIntact myosin 'head' and perhaps one or more'10Q repeats,
and that the bulk of the MY04 tail is not required for the abnormal phenotype. One
possible explanation for the ability of MY04 and MY02to cause this phenotype
when overproduced Is that these myosins may beinterferingwith the normal
function of yet another myosin, perhaps bydikuting outnecessary cofactors or
competing forbinding sites. A potential candidate forsuch a myosinistheMY1O
gene product, which appears to beimportant for normal cell division in yeast. WewA
test potential interference with MYO1 function by attenpting to overproduce Myo2p
and Myo4pIn a myol deletion background. We have raised antibodies specific for
the tailregion of MYO4. These antibodies suggest that there may be a protein that Is
closelyrelated to Myo4p. We are explorng this possibilty by DNA hybridization and
by genetic screens that shoulduncover genes whose products interact with, or are
related to, Myo4p.
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A Structural Difference Between DeRhosRthoryl ated and
PhosRhorylated Ilvosin II Frm A. castellan Ga.C. ganuly.Nartin.L.. RkBubb andE.D.Korn, Laboratory of Cell Biology,
NHLBI and *Laboratory of Clinical Neurobiology,NIM, NIH,
Bethesda, ND 20892. (Spon. by K. Baldwin.)
Phosphorylation at the tip of the tail of the heavy chains
of Acanthaoebay yo-sinII by a specific kinase inactivates its
actin-activated Mg -ATPase activity. The difference in enzyme
activities of dephospttorylated and phosphorylated myosin was
explored in terms of a possible structural difference in the
headregion that contains the catalytic site. Endoproteinase-
Arg-C cleaves the heavychains nf both dephosphorylated and
phosphorylated myosinII into two peptides of -67kDA (head)
and -112 kDa (rod) by SDS-PAGE. Dephosphorylated myosin isdigested at a faster rate than phosphorylated myosin in both
the monewric. (300 o4 NaCl) and filamntous (10 m4 NgCl ) form
N-terminal sequencing showed the presence of two -112 kba
peptides derived from cleavage at Lys-621 and Arg-638. For
dephosphorylated myosin, the cleavage at Arg 638 was -3-timsfastee than at Lys 621 under both monomeric and filamntous
conditions, whereas for phosphorylated myosin the rates of
digestion at these two sites were always the sam. The S
values were the sam for dephosphorylated and phosphorylat a
myosin indicating that a transition similar to the 10S-6S
interconversion of some other myosins was not responsible for
the difference in the digestion pattern. These data suggest
that the phosphorylation at the tip of the tail causes a
structural difference that reduces the rate of endopeptidase-
Arg-C cleavage at Arg-638 in the globular head.
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Interactions of Acanthamoeba Mvosin I Heavy Chain Kinase.
Mvosin I and Membranes. D. Kulesza-LiRka, H. Brzeska, L
Baines and EiD. Korn, Laboratory of Cell Biology, NHLBI, NIH.
Bethesda, MD 20892.
Expression of the actin-activated Mg2*-ATPase activity of
the 3 Acanthamoeba myosins I requires phosphorylation of a
single serine or threonine residue in the subfragment-l-like
domain by myosin I heavy chain kinase. Kinase activity is
enhanced about 50-fold by autophosphorylation at multiple
sites. Autophosphorylation is increas&d about 20-fold by
acidic phospholipids independent of Ca . As substantial but
different fractions of the 3 myosin I isoforms and kinase are
associated with membranes in situ, it is reasonable to assume
that the effects of phospholipids mimic physiologic mechanisms.
In agreement with this idea, we find that a purified plasma
membrane fraction stimulates autophosphorylation of kinase and
kinase activity, that membrane-bound kinase phosphorylates
membrane-bound myosin I at a higher rate than soluble kinase
phosphorylates soluble myosin I and that phosphorylation jif
membrane-bound myosin I stimulates its actin-activated Mg-
ATPase activity. Also, membrane-bound myosin I is as good a
substrate for soluble kinase as is soluble myosin I. Membrane-
bound myosin I inhibits autophosphorylation of membrane-bound
kinase. Electron microscopy shows that kinase and the myosins
I bind mostly to different sub-populations of vesicles in the
same membrane preparation with almost no co-localization.
Thus, more than Just interactions with phospholipids is
probably involved in binding of both kinase and myosins I to
membranes.
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Structural Difference Between Filaments of Acanthaoeba
Phos2horylated and Dephosphorvlated MYosin II Revealed by
Electric Birefringence Studies. D. Rau, C. Gangulv* and L.R..
Korn*, Laboratory of Biochemistry and Metabolism, NIDOK and
*Laboratory of Cell Biolooy, NHLBI, NIH, Bethesda MD 20892.
The actin-activated Mg -ATPase activity of filamentous,
dephosphorylated myosin II is almost totally inactivated by
phosphorylation of 3 sites at the C-terminus of each heavy
chain. Thus, phosphorylation at the tip of the tails of
monomers within a bipolar filament regulates the activity at
sites approximately 90 nm away in the globular heads. Previous
results strongly suggested that the activity of each molecule
in a filament is independent of its own phosphorylation state
but regulated by the level of phosphorylation of the filament
as a whole. A model was proposed in which the hinge region of
each monomer rod was adjacent to and affected by the
phosphorylation sites of other monomers in the filament. We
now find by electric birefringence measurements that
dephosphorylated and phosphorylated myosin II filaments are
similar structures but with a very large difference in internal
flexibility in response to the electric field, filaments of
dephosphorylated myosin being about 50-fold more rigid under
the experimental conditions. These results are consistent with
a model in which the electric field perturbs a spring-like
motion due to the flexing of the long HMM-like arm at the hinge
region whose flexibility is determined by the average state of
phosphorylation of the overlapping C-terminal tails. The
rigidity of the filament; is, presumably, directly related to
their actin-activated Mg"-ATPase activity.
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I1n Vivo Phosphorylation of Myosin Light Chain during Mito8is.
Y. Yamakita, and 5. Yaashir, and F. Matsumura Department of
Mol. Biol. & Bioches. Nelson Hall, Busch Campus, Rutgers
University, Piscataway NJ 08855-1059
The microfilament cytoskeleton undergoes massive
reorganization during mitosis. The mechanisms, however, are
largely unknown. Myosin light chain has been reported to be
phosphorylated In vitro by cdc2 kinase at the same sites which
C-kinase phosphorylates (Pollard et al., Ann. NY Acad Sci
582:120, 1990), suggesting an important role of myosin light
chain phosphorylation in the reorganization of microfilaments
during mitosia. We have examined sites of in vivo
phosphorylation of myosin light chain during mitosis and
interphase of tissue cultured cellg2lMitotic and non-mitotic
rat fibroblasts were labeled with 34P-orthophosphate, and both
heavy and light chains were prepared by immunoprecipitation
from lysates using an anti-heavy chain antibody (kindly
provided by Dr. J. Sellers). Phosphopeptide maps have
revealed that the light chain of mitotic cells is
phosphorylated.at both MLCK and C-kinase sites whereas the
light chain of non-mitotic cells is phosphorylated at the MLCK
site but not at the C-kinase site. We have further examined
In vitro phosphorylation of the light chain of adrenal medulla
myosin using mitotic cell extracts. While the crude kinase
fraction contains kinase(s) that phosphorylates light chain at
both MLCK sites and C-kinase sites, the kinase activity is not
retained by p13 beads, and the cdc2 kinase purified by p13
beads does not phosphorylate myosin light chain. Further
characterization of this kinase activity is currently in
progress. Supported by NCI and ACS grants.
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Thermal Induced Unfolding ofMi _H from Acanthaoeba castellani.
M J. Redowicz, M.i sid, C Ganguy E. D. Korn, and A. Ginsburg,
NHLBI, NIH, Bethesda, MD 20892.
Te suctre of A. castellani myosi H is similar to that of seletal
muscle myosin: 2 heavy chains forming N-teminal globular heads and a C-
terminal coiled-coil rod and 2 pairs of light chains. However, the actin-
activated Mg2+-ATPae and motliy activities of Acaahwoeba myosin II,
unlike those of skeletl muscle myosin, are regulated by phosphorylation of
the C-terminal end of the heavy chains. Differential scanning calorimetry was
used to stdy the thermally induced unfolding of both myosins. A single,
highly coopative tnsion (t,=42°C in 10 mM oiidazle, 0.6 M KCI,
1 mM DTT, pH 7.5) was observed in the first scan of either dephosphorylated
or phosphorylated Acanthamoeba myosin H. This indicates strong inteactions
betwee head and rod domains irrespective of the state of phosphoryation.
Rescans show partial reversibility of the unfolding, but also thermally induced
agrtion/dissociation processes. Two endotherms with tm=42 and 48°C
were observed in the prsence of 5 mM MgeAMPPNP. These transitions
correspond probably to the unfolding of myosin tail and head domains,
repctively. Sklletal muscle myosin was found to unfold over a wider
temperaure range with a lower enthalpy change and -4C higher tm than
obsrved for Acanthamoeba myosin H. The identification and characterization
of the coopeave domains within the myosin H molecule require further
calorimetric studi. Also, a comparison of the unfolding of dephosphorylated
and phosphorylated myosin H filaments may be informative.
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Acafhamoeba
S.IC,DL betnl M.J. Delanny, and TD.D Pollard Department of Cell Biology and
Anatomy, Johns Hopkins University School of Medicine, Baltimore, Maryland 21205
We have identified myosin-l, actin filaments and actophorin in a previously
described cell surface phagocytic specialization of Acanthamoeba called the amoebastome
(John et al., 1984, Appl. Env. Microbiol., 47:12-14; Diaz et al, 1991, Int. J. Parisitol.,
21365-367). These open-ended tubular processes are apparently used in ingestion of
large prey cells. Amoebastomes are also occasionally observed in contact with other
Acenthanseba cells, suggesting that they may have some sensory function as well. By
scanning electron microscopy 21% of our strain of Acanthasoebs possessed
amoebastomes after incubation in 50mM NaCl for 30 minutes before fixation.
Acanth1_ocb amoebastomes have an average inner diameter of 2.4jLm, an average outer
diameter of 4.9Wsm, and an average length of 5.0Lm. Confocal fluorescence microscopy of
cells stained with rhodamine-phalloidin and transmission electron microscopy show the
cytoplsm of this structure to have a thick network of actin filaments similar to the cell
cortex. The cytoplasm of amoebastomes in cells fixed with 1% formaldehyde in
methanol is strikingly stained by a monoclonal antibody specific for myosin-IA.
Comparable preparations tested with any one of several monoclonal antibodies with
broad crossreactivity to myosin-I isoforms show no specific staining of amoebastome
cytoplasm. Neither individual monoclonal antibodies specific for myosin-II nor a pool of
these antibodies label the amoebastome. Monoclonal antibodies to actophorin label the
amoebastome at an intensity similar to the labelling of the leading edge of locomoting
cells. By these criteria, amoebastomes appear to be exaggerated phagocytic cups that
form on the surface of the amoeba. As speculated for other phagocytic structures, the
myosin-IA in the amoebastome cytoplasm may contribute to the force required to extend
these strucures from the cell surface.
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Overexpression of a Regulatory Myosin Light Chain That Lacks a Phosphorylation
Site Confers Growth Disadvantage in Dictvosteliwn. B.D. Ostrow, P. Chen, "LL
gai, and R.LfCisholm, Deparlnent of Cell, Molecular, and Structural Biology,
Northwestem University Medical School, Chicago, IL 60611.
The regulatory myosin light chain (RMLC) of Dictyostelium discoideum is
an 18kd subunit associated with the globular head of the myosin II heavy chain. The
RMLC is phosphorylated by a specific myosin light chain kinase (MLCK) resulting
in increased actin-activated ATPase activity. To identify the phosphorylation site we
treated recombinant RMLC with recombinant MLC kinase (provided by J. Smith
and J.A. Spudich). Phosphorylated RMLC was separated from unphosphorylated
light chain by urea-glycerol gel electrophoresis and transferred to PVDF membrane.
PTH-amino acid sequence analysis indicated the RMLC is phosphorylated on
Serine-13. PCR-mediated mutagenesis was used to create a Ser-13 to Ala-13
substitution, which was expressed in E. coli. This mutant molecule is poorly
phosphorylated by the Cal-+calmodulin-independent Dictyostelium MLCK. To
investigate the consequences of removing this phosphorylation site on myosin
function we subcloned the mutant cDNA into the Dictyostelium expression vector
pBORP. Dictyostelium cells stably transformed with this construct overexpress
S13A RMLC which associates with the myosin heavy chain. Transformants asi
motile and exhibit cytokinesis and phagocytosis. When plated on bacterial lawns
they developed fewer fruiting bodies for a given area of the plaque. Spores
germinated from mature fruiting bodies lost the ability to grow in selective media
while spores from control transfonnants were still drug resistant, suggesting that
developed cells lost the expression plasmid. We suggest that overexpression of S13A
RMLC confers a growth disadvantage on Dictyostelium cells. Supported by NIH
grant GM39264.
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Phosphorylation of the Regulatory Light Chain is Abnormal in Myosin Lacking the
Essential Light Chain. T-L. Chen and R.L. Chisholm.
Department of Cell, Molecular and Structural Biology. Northwestern University
Medical School. Chicago, IL 60611
We have recently described a Dictyosteliun mutant cell line, 7-11, which
contains myosin II that lacks the essential light chain (EMLC) [Pollenz et al 1992
Cell 629 9511. This Myosin exhibits reduced Ca-ATPase activity and lacks actin
activated Mg-ATPase activity. We have analyzed several additional biochemical
properties of the mutant myosin. Actin binding of 7-11 myosin was determined at
varying actin concentrations. Under the conditions used in our assay, 7-11 myosin
exhibited a binding constant similar to that of wild type myosin. In an in vitro
motility assay, 7-11 myosin failed to move fluorescently labeled actin filaments,
consistent with the observed low actin activated Mg-ATPase activity. One possible
cause for the greatly reduced actin-activated Mg-ATPase activity is the inability of
the regulatory light chain (RMLC) to be phosphorylated. We have used urea-
glycerol gel eletrophoresis to quantify the ratio of phosphorylated to
unphosphorylated RMLC. In 7-11 cells, the percentage of phosphorylated RMLC
was reduced to 50% of that in wild type cells. Purified 7-11 myosin is
phosphorylated with reduced efficiency in vitro by a recombinant myosin light
chain kinase. These results suggest that in 7-11 myosin, the ability of RMLC to be
phosphorylated is reduced by the absence of EMLC. Since the phosphorylation of
RMLC has been shown to increase actin activated ATPase activity in Dictyostelium
myosin, our results suggest the possibility that the observed functional defect in
7-11 myosin may be at least partly due to the altered phosphorylation of RMLC.
This study was supported by NIH grant GM39264.
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MYosin I Isoform Subfamilies and Mutants in Dictyostelium.
G. Jung and J.A. Hammer., II, Laboratory of Cell Biology,
NHLBI, NIH, Bethesda, MD 20892
Dictyostelium appears to contain at least two subfamilies of
myosin I isoforms that may subserve different functions in the
cell. DMIB/DMID both localize to actin-rich regions of migrat-
ing and contacting cells (see abst. by Fukui et al.), are up-
regulated in chemotactically aggregating cells, and have tail
domains predicted to interact with both membranes and F-actin.
Conversely, the truncated DMIA and DMIE isoforms are not upreg-
ulated in aggregating cells, have tail domains predicted to
bind only membranes, and do not colocalize with DMIB/DMID (see
Fukui abst.). The localization of DMIB/DMID, together with the
likelihood that they can crosslink actin and contract actin
gels, suggests that they play an important role in regulating
the dynamics of cortical F-actin, which in turn would influence
all types of cell shape change. DMIB cells demonstrate re-
duced efficiencies of chemotactic aggregation, phagocytosis and
morphogenesis, and exhibit clear abnormalities in cell locomo-
tion and pseudopod dynamics. We have now created DMIB-/DMID
antisense double mutants in which DID protein levels are sup-
pressed by >99.5%. This suppression is stable and constant
through development. Initial analysis reveals that the addi-
tive effect of suppressing DMID expression in DMIB cells is
small at best (although video microscopic analysis in progress
may reveal additional defects). Therefore, a third member of
the DMIB/DMID subfamily (DMIC) is being targeted for disruption
in this double mutant. In addition, a fourth potential member
of this subfamily has been identified by PCR.
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Site directed mutagenesis of the 50k/20k iunction domain of
Dictyostelum myosin. T. 0. P. Uyeda. K M. Ruppel, andL.
Spudic Department of Biochemistry, StanfordUniversity School of
Medicine, Stanford, CA 94305.
Different myosins have very different speeds of contraction, rangingfrom 0.1 pm/s (non-muscle and smooth muscle myosins) to lOm/s(skeletal muscle myosins). Although there is a correlation between
the contraction speed and the rate of actin-activated ATPase (Barany,1967), it is not known what is actually limiting the contraction speed.
However, gowng evidence suggests that the junction between the50k and 20k domains of the myosin head plays an important role in
the regulation of the speed. To test this hypothesis, we have made
chimeric genes of Dictyostelium myosins which have the 50k/20kjunction taken from rabbit skeletal muscle myosin, chicken smooth
muscle myosin, and rat cardiacca andp myosins. Each of the 4
chimeric myosins was expressed in Dictyostelium myosin null cells, and
was found to be functional in vivo since it rescued defects of myosin
null cells. The chimeric myosins moved actin filaments in an in vitro
motility assay. Interestingly, the order of speeds was; chimeric myosin
with the 50k/20k domain of chicken smooth muscle myosin (2.8pm/s)
> wild type myosin (2.3 pm/s) > chimeric myosin with the 50k/20kdomain of rabbit skeletal muscle myosin (O.9 m/s), which was
opposite to the order of the speed of the donor of the 50k/20kdomain. Chimeric myosins wsth the cardiac 50k/20k domasns movedbetween 0.8- 1.4pm/s, but this was variable between preps. Further
characterization, including measurement of actin-activated
MgATPase, is under way.
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Both the Amino and Carboxyl Domains of Dictvostelium Myosin Essential Light
Chain Are Required for the Binding to Myosin Heavy Chain. G. Ho and RA
Chisholm, Department of Cell, Molecular, and Structural Biology, Northwestem
University Medical School, Chicago, IL 60611
We have recently shown that the Dictyosteliun myosin essential light chain
(EMLC) is required for myosin function (Pollenz et al., Cell 69: 951-962, 1992).
Little is known about the mechanism of EMLC and myosin heavy chain (MHC)
assembly. Therefore, we have investigated the sites required for binding of
Dictyostelium EMLC to the MHC. A system for the over-expression of EMLC in
Dictyostelium cells was developed. A full length EMLC carrying a 10 amino acid
epitope tag was expressed at very high levels. Myosin purified from these cells
carried the tagged EMLC on greater than 95% of the myosin heads. Using the same
expression system, EMLC cDNA deletion-constructs made by in vitro mutagenesis
were expressed. Myosins from these over-expression strains were analyzed in a
triton-cytoskeleton preperation or in a purified form. Co-assembly of mutant
EMLC with the MHC was used as the criterion to assess their binding ability.
Deletions of the N-terminal 11 or 28 amino acid residues or the C-terminal 15
amino acid residues failed to bind to the MHC in Dictyostelium cells. Based on the
sequence similarity between calmodulin and the EMLC and other structural
considerations, it seems likely that the amino and carboxyl domains of the EMLC
fold independently in a way similar to that of calmodulin. These results suggest
that neither terminal domain is sufficient and that both of them are required for
MHC binding. We speculate the binding of EMLC to MHC may resemble that of
calmodulin to its target peptide, in which both the N- and C-terminal domains have
been shown to participate in complex formation (Ikura et al., Science 256:632-638,
1992). Supported by NIH grant GM39264.
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Localization of Dictyostellum Myosin IB and ID with lsoform-
Specific Antibodies. Y. Fukui1, G. Jun 2, and J. A. Hammer2,
CMSB, Northwestern Medical School, Chicago, IL 606111, Laboratory of Ceil Biology,
NHLBI, Bethesda, MD 208922.
Myosins are single-headed, nonfilamentous, actin-based mechano-enzymes
that have homoiogy to the head domain of conventlonal myosins but lack a coiled-
coil filament-forming tail. Dictyosteiumn has at least five and possibly as many as nine
myosin heavy chain genes (Hammer, Trends Cell Biol. 1, 50,1991). Two isoforms,
DMIB and DMID, possess ^45 kDa tail domains that should bind to both membranes
and F-actin, based on sequence similarity with the Acantha myosins (see
Abst. by Jung et al). While antibodies to a purifed Dielyggejjum myosin of unknown
identity have been shown to stain the leading lamellas of migrating cells (Fukul et al.,
Nature 341, 328,1989), localization with isoform-specific antibodies, which may point
to unique functbina roles for specific isoforms, have not been performed. In this
study we raised antibodies specific to DMIB and DMID and studied their localization
in wild type and null mutants. Purilcation of these antibodies and unequivocal
demonstration of their specificity was made possibie using the appropriate nuil cell
extract. We found that both DMIB and DMID are localized at edges of leading
lamellas of individually migrating cells, suggesting that they play important roles in the
cortical activity. Both isoforms also show intensive staining at the lamellas of cel-ceil
contacting regions. The ceil-ceil contact region staining is seen In stationary and
aggregating amoeba with ax-DMIB, but oniy In stationary amoeba with ex-DMID (even
though the level of the DMID protein remains high In aggregating cells). Therefore,
the localization of DMID appears to be developmentally regulated. Finally, the
localization of the DMIA Isoform, which Is a truncated myosin that lacks the tail
sequence corresponding to the actin-binding site, wUi be also presented.
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Myosin Light Chain Phosphorylation in Dictyosteliurn Evidence for Muirple
Myosin Light Chain Kinases. L.A. Silveira. J.L. Smith. and J.A. Soudich,
Department of Biochemistry, Stanford University School of Medicine, Stanford
CA 94305-5307. (Spon. by T. Egelhoff)
In smooth muscle and non-muscle cells, the motor activity of
conventional myosin is activated by phosphorylation of the myosin light chains.
We have undertaken a study of myosin light chain kinases in Dictyostelium, a
simple motile eukaryote that can be manipulated with a variety of molecular
genetic and biochemical techniques. A myosin light chain kinase has been
purified from Dictyostelium and the gene encoding it cloned (mlck4; J. Tan and
J.A.S., J. Biol. Chem. 265: 13818; J.Biol. Chem. 266:16044). Dkiyostelium
lacking an intact mick4 gene have been created by targeted gene disruption
(see abstract by J.L.S.). Surprisingly, these cells are able to complete
processes blocked by mutations in the myosin heavy chain gene, such as cell
division in suspension and formation of fruiting bodies. This resuit implies either
that light chain phosphorylation is dispensable for these processes or that
another kinase is able to supply the necessary light chain phosphorylation. We
have begun to study light chain phosphorylation in wild type cells in order to
establish conditions under which to examine the mlck4- mutant.
Phosphorylation of myosin light chain is readily detected in adherent wild type
cells in starvation buffer and is substantially induced by treatment with the lctin
conA. Like wild type cells, adherent mlckK4cells in starvation buffer contain
phosphorylated light chains, indicating that other light chain kinases exist.
Further characterization of the phosphorylation in the mick4- mutant cells and a
search for aitemate kinases is underway.
Monday. Myosin I (256-261)
256
MyoinL Aght Chain Kinase from DictLASteliume In vio Function and Regulatiom
of Biochemistry, Stanford University School of Medicine, Stanford, CA 94305-
5307. (Spon. by Hans Warrick.)
The contractile activity of Dictyostelium myosin II requires
phosphorylation of the regulatory light chain. A myosin light chain kinase
(MLCK) has been biochemically characterized, and a cDNA for the gene (mlckA)
has been cloned U. Tan and J.A.S., JBC 265:13818; JBC 266:16044). By disrupting
the mlckA genomic locus, we have constructed a Dictelstdium cell line that lacks
the mlckA protein, as assayed by western blot. Because this gene contains an
unusually high number of introns (at least 4), it was necessary to isolate genomic
DNAs in order to make successful disruption constructs. In contrast to cells
which lack myosin heavy chain or the myosin essential light chain, the mlckA-
cells are able to grow in suspension and complete the developmental cycle.
However, mlckA- cells, when grown either in suspension or on a surface, are
considerably larger than the parental strain, suggesting that mlckA plays a role in
cytokinesis. However, we still detect phosphorylated light chain in the mlckA-
cells. Thus definitive conclusions about the role of light chain phosphorylation in
vio must await gene disruptions of these additional kinases. mlckA- is regulated
by an autoinhibitory domain that can be autophosphorylated to activate the
enzyme. By protein microsequencing, we have determined that
autophosphorylation occurs on threonine-289. The residues surrounding this
position show weak homology to the phosphorylation site on the light chain,
particularly in the placement of basic residues. Thr-289 has been mutated to
glutamate and alanine, and several truncated forms of MLCK have been
constructed, in order to better define the role of the inhibitory domain and
autophosphorylation in the regulation of activity.
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cain of Novl U t al
NJSiMrgan*, S. Artavanis-Tsakonas#,
andM5&Mooseker, *Dept. of Genetics, School of Medicine, and Depts.
of #Cell Biology and $Biology, Yale University, New Haven, CT 06511.
A PCR strategy utilizing primers directed against a highly-
conserved region found in the head domain of all myosins was applied
to a variety of Drosophila melanogaster cDNA libraries. In addition to
three myosins characterized previously, three other putative
unconventional myosins were identified. One of the PCR products was
subsequently used as a probe to screen an early embryonic cDNA
library, and five overlapping clones were isolated ranging in size from
-2 to greater than 4 kb. Genomic Southern blots demonstrate that this
is a single-copy gene, and preliminary Northern results Indicate a
transcript of -3.8 kb. Partial sequence data from both the head and tail
regions predict an unconventional myosin with at least one IQmotif (a
23-amino acid motif found in the neck region of all myosins thought to
be involved in heavy chain/light chain interaction) and areas of non-
alpha helix in the tail. Preliminary computer analyses using
approximately 1.3 kb of sequence from the head indicate that this
myosin is most closely related to chicken or bovine brush border
myosin I, making this the fourth Drosophila unconventional myosin
to be identified thus far and the first member of the Class I family of
myosins discovered in Drosophila. The other three structural classes
(see abstract by RE Cheney et a) of Drosophila unconventional
myosins are ninaC (Class HI), myosin 9sF (Cass VI), and myosin 35B,C
(Class VII). (NSM is an HHMI Predoctoral Fellow.)
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The genomic DNA structure of he Dro hila cytolasmic mosin heav
chain gene, SG Mansfield, P.E.Young andDosoKieha i Department of
Cellular and Developmental Biology, Harvard University Biological
Laboratories, Cambridge, Massachusetts, MA 02138. Department of Cell
Biology, Duke University Medical Center, Durham, North Carolina, NC
27710.
A 3000 chromosome, F2 lethal screen uncovered 11 mutant, EMS-
induced alleles of the zipper (zip) locus that encodes the nonmuscle
(cytoplasmic) myosin-II heavy chain in Drosophila. These mutations are
homozygous lethal during embryonic, laval or pupal stages of development.
The focus of our research is 1) to characterize the mutation(s) in each of the
zip alleles which may be responsible for the aberrant function of, or the
absence of, zygotic, nonmuscle myosin in developing animals, and 2) to
determine, at the sequence level, the genomic structure of the myosin heavy
chain gene. Sequence analysis of the mutant allele zipmhc cl3 revealed that
a point mutation at the 3' end of the gene produces a premature stop codon
leading to a truncated form of the protein with a molecular mass of 195 kDa as
opposed to the normal wild type size of 205 kDa. We have not established as
yet whether this is the only mutation responsible for defects in embryo
development. A second allele zip2F107 has been characterized as being a
myosin heavy chain near-null: the molecular lesion responsible for this
phenotype is under investigation. Preliminary sequence analysis of mutant
(zip2F ) and wild type (Canton S fly strain) genomic DNA shows that the
myosin heavy chain gene consists of at least 6 exons separated by 5 introns
with approximate sizes of 0.8, 0.8, 0.7, 2.0 and 0.06 kb. Grant Support:
NIH (GM33830) and the March of Dimes.
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The DrosoRhila ninaC KinaseIMXosin Is a Calmodulln-Blnding Protein
Renluired for Phototrangduction and Prevention of Light-Induced Retinal
Degenerali
JA. PorL ,M.L. Yu, and C. Mnntell,Department of Biological Chemistry
and Department of Neuroscience, Johns Hopkins University School of
Medicine, Baltimore, Maryland 21205
The ninaC locus is expressed as two photoreceptor cell specific proteins of 132 and
174 kd (p132 and p174). Both proteins have linked domains homologous to protein kinases
and the myosin head but differ in their C-terminal tail.We have found previously that ninaC
is required for normal phoransduction and in preventing light-dependent minal
degeneration. Also we found that the elimination of pl74 results in a nuli phenotype, both
the transduction and degeneration defects, while elimination of p132 shows neither defecL
Finally immunolocalization studies at the EM level with tail specific anti-sera showed pl74
in the microvillar rhabdomeres and p132 in the cytoplasm of the cell body (Porter et al 116,
683-693, 92). In order to investigate the roles of the kinase and myosin domains in ninaC
funcLion we have generated a collection of oligonucleotide-irected mutations throughout the
ninaC gene by utilizing germ-line transformation of the ninaC null mutantL Mutations in
the kinase domain, including its deletion, show defects in phototransduction. Mutations in
amino acids shared in common between myosins and the ninaC myosin domain display
light-induced retinal degeneration. Together these studies suggest p174 possesses at least
three functional domains, a kinase domain for normal phototransduction, a myosin domain
to prevent light-induced retinal degeneration, and a tail which localizes p174 to the
microvillar rhabdomere. ninaC functions during phototransduction and should have its
activities regulated by components of the visual cascade. Calcium plays a major role in fly
phototransduction and may directly or indirectly regulate ninaC function. Consistent with
this contention we find that both ninaC proteins bind calmodulin in Witro. Mapping studies
reveal the binding domain is in the head/ail junction. Studies investigating the possible role
of calcium and/or calmodulin in controlling ninaC activity will be presented.
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muscle nyosin heavy chain in adult muscles. LWes. D. Hodg R M.
Cripp. N. Hess. V. L Collier. K. A. Edwards. S. L Bersein. Biology
Depatmet ad MleclarBiology Institute, San Diego State University,
San Diego, CA 92182. (Supported by NIH GM32443 and the Muscular
Dystrhy Associatio.) Drosophila melanogaster generates different
isoforms of muscle myosin heavy chain (MHC) in embryonic and adult
muscle by alternatively splicing transcripts of a single gene. To determine if
enmbyonic and adult specific exons differ functionally, flies were
transfosned with a P clement contaning the MHC promoter region,
embryonic cDNA (exons 2 through 17), and the 3' end of the MHC gene(including exons 17 through 19). Nordtern blot analysis showed that
transcripts from this construct a lat in adults and contain the
embryonic altenative exons encoding the MHC head and hinge along with
the exon encoding the adult-specific C-terminus. Expression of this MHC
isoform produced an antimorphic phenotype in adults. These transfonned
lines are flightless, have reduced jumping capability, and show
ultrastructural muscle abnormalities, including fusion and fraying of the
myofibrils in the indirect flight muscles. Thus MHC isoforms in Drosophila
have unique fimctional properties. To study the function of the C-terminal
region we have now injected a construct designed to express the same
embryonsc MHC along with the embryonic C-terminus. This model system
will also be used to study the function of additional regions of the muscle
MHC protein encoded by alternative exons.
261
A mutational analysis of myosin regulatory light chain function
in cytokinesis. R. Karess, S. Kulkarni, J. Kyriannis, N. Kane.
Dept of Biochemistry, New York University Medical Center.
New York, NY 10016.
The Drosophila spaghetti squash gene (sqh) encodes thl
regulatory light cha in of nonmuscle myosi n (RINLC). The sqh-
mutation greatly reduces endogenous levels of RMLC and results
in cytokinesis failure and consequent lethality. The predicted
amino acid sequence of wild type RMLC shows good conservation
with its vertebrate counterparts, retaining putative recog-
nition sites for phosphorylation by myosin light chain kinase
(MLCK) at serine-21, and by protein Kinase C and p34/cdc2
kinase at ser-1, ser-2 and thr-11. To test the importance of
these potential phosphorylation sites in the process of cyto-
kinesis, we have replaced them with nonphosphorylatable amino
acids and assayed in vivo for the ability of the altered RMLCs
to restore normal cytokinesis to the shl mutant. Changing
ser-21 to alanine renders the RMLC nonfunctional. This we
take as evidence in support of a role for MLCK-mediated phos-
phorylation in regulating myosin activity during cytokinesis.
In contrast, RMLCs with alanines substituting for ser-1 and
ser-2 are still able to support cytokinesis, suggesting that
phosphorylation at these sites play a minor role, if any, des-
pite their apparent importance in modulating smooth muscle
myosin activity. Supported by grants from NSF and MDA.
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ar Patte of the DrosoSuNla 95F Myosin Heavy Chain Gene,
K.A. Kellerman, H.F. Gardner and K.G. Miller, Deprtet of Biology,
Washington University, St. Louis, MO 63130.
As part ofan effort to understand the dynamic processes involved in
embryogenesis, we previously identified, cloned and sequenced the gene for
a novel unconventional myosin heavy chain from Drosophila. The new
myosin, Drosophila 95F myosin heavy chain (9SF MHC) was named for
its polytene map position. Squence comparisons indicate that 95F MHC
belongs to a new class of unconventional myosins.
We have evidence for expression of at least four protein isoforms from this
gene, each ofwhich has a different tempoal and/or spatl expresson
pattern. Itamunolocalization of95F mnyosn in whole embryos shows an
overall punctate pattern throughout most of embryogenesis; superimposed
on the overall staining pattern are four regions of more intense staining.
Stronger staining is seen in 1) the centrl nervous system, 2) in
metamerically repeated sets of ventro-latal epidermal cells, 3) in cells of
the drso-lateral epidermis which are undergoing dorsal closure, and 4) in
the developing posteior spiacles.
We have takena two-fold approach to find the complete set of protein
products from this gene. First, we are mapping genomic DNA clones
covering this locus to identify constitutive and altenatexeons. Second, we
are screening libraries for cDNAs encoding additional protein isoforms. By
identifying the 9SF MHC protein isoforms and studying their expression,
we hope to better undertand their role(s) in development.
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Studies on the Structure and Activity of Twitchin and a New
Member of the Twitchin/Titin Family in the Muscle of C. elegans.
M.R.L. Valenzuela. J. Lei, X. Tang, D. DeLaGarza. and G.M.
Benian, Dept. of Pathology, Emory University, Atlanta, GA 30322.
Twitchin is a 753,494 Da polypeptide encoded by the unc-22
gene of C. elegans. It consists of a single protein kinase
domain and 30 copies of an immlunoglobulin C2 domain (motif II)
and 31 copies of a fibronectin type III domain (motif I).
Twitchin belongs to a family of intracellular and mostly muscle
proteins found in nematodes, vertebrates and insects, which are
composed primarily of these domains. Our hypothesis that
twitchin binds to myosin is based on: twitchin's location in
muscle A-bands, the suppression of the unc-22 phenotype by
certain missense mutations in the myosin head region of myosin
heavy chains, and homology of twitchin to proteins known to
interact with myosin. We have some biochemical evidence for this
interaction by employing myosin-affinity chromatography. Various
combinations of motifs have been expressed as glutathione-S-
transferase fusion proteins, cleaved with thrombin and purified
for use in binding studies. Thirty milligrams of motif I were
sent to P. Bjorkman's lab for crystallography. The protein
kinase region of twitchin has greatest similarity to the kinase
catalytic domains of the myosin light chain kinases (MLCKs) and
titin (Labeit et al., USBO J. 11:1711-1716,1992) of vertebrates;
the organization of motifs I and II surrounding the kinase domain
is conserved among twitchin, titin and the smooth muscle and non-
muscle MLCxs. We are attempting to identify a substrate for
twitchin, using both native twitchin and the catalytic core
expressed and purified from E. coli. The partial sequence of one
of about 1200 sequenced cDNAs was found to have homology to
twitchin (Waterston et al., Nature Genet. 1:114-122, 1992). The
1.8 kb insert encodes 6 Ig C2 domains in tandem and hybridizes to
an approx. 22 kb mRNA. Comparison of the physical and genetic
maps suggests that this new cDNA may be encoded by the
mutationally-defined gene, unc-89, which disrupts muscle
structure and most interestingly lacks M-lines.
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Biochemical Analysis of Sea Urchin Coelomocytc Myosin-I and-Il. L. D'Andrea.
M. Danon. and EM odr Department of Biological Sciences, Rutgers University,
Newark, NJ 07102.
Sea urchin coelomocytes possess at least two distinct myosin
mechanoenzymes. A conventional form of myosin (myosin-II) co-migrates on SDS-
PAGE with skeletal muscle myosin and crossreacts on Western blots with both
anti-brush border myosin-I1 and anti-platelet myosin-lI polyclonal antibodies.
Coolomocyte myosin-II appears morphologically indistinct from muscle myosin-ll,
possesses characteristic myosin-l1 ATPase activity and colocalizes with actin
filaments in both petalloid and filopodial coolomocytes. Previously, we identified a
110 kDa polypeptide in coolomocytes that was immunologically related to myosin-I
and was localized to perinudear granules in petalloid cells (DAndrea and Bonder.
1991. JO 115:331a). Fractionation of cellular extracts on linear 5-25% sucrose
gradients revealed a peak of myosin-I at 10% sucrose. Electron microscopic
analysis demonstrated the presence of 300-500nm vesicles in the myosin-I
containing fractions which stained brightly by indirect immunofluorescence using
anti-myosin-I antibodies. Thus, the sedimentation and morphological analyses
establish the physical association of coelomocyte myosin-I with intracellular
membranes. Initial studies characterizing the enzymatic activities of myosin-I
revealed K+EDTA, Ca++ and Mg++ATPase activities with a 10 fold stimulation
of Mg++ATPase activity in the presence of F-actin. Hence, coelomocytes possess
a conventional myosin which may be involved in regulating the contractile dynamics
of the actin cytoskeleton and a novel myosin-l which may function in the
translocation of perinuclear vesicles upon cell transformaton. Supported by a Pre-
doctoral Fellowship, Amencan Heart Associaton-NJ Affiliate and NIH HD-24649.
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Regions of the Myosin Molecule Important for Assembly in C. elkeans. P.E. Hoppe and
R.H. Waterston Dept. of Genetics, Washington Univ. Med. Sch., St. Louis, Mo. 63110
C elegans body wall muscle contains two isoforms of myosin heavy chain, MHC A
and MHC B, that differ in their ability to initiate thick filament assembly. Mutant animals
that lack the the major isoform, MHC B, show a commensurate reduction in thick
filament number and move very poorly. In contrast, mutant animals that lack the minor
isoform, MHC A, contain no normal thick filaments, are completely paralyzed, and die
as larvae. MHC A is present only at the center of the thick filament (Miller et atl, 1983,
Cell 34, 477490), suggesting that the MHC A-specific function may be the ability to
associate tail-to-tail to form the center of the thick filament. Alternatively, the unique role
of MHC A may involve a critical interaction with another thick filament protein, or may
reflect different post-translational regulation. To elucidate the nature of the MHC A-
specific function, we have attempted to identify the region(s) of MHCA that confers the
essential assembly activity. Our approach has been to construct chimeric myosins in
which different domains of MHC A and MHC B have been exchanged. These constructs
are then tested in vio, via germline transformation, for rescue of null mutations in both
myosins. In this manner we have identified 2 distinct regions of the MHC A rod that are
sufficient in chimeric myosins for rescue of MHC A-specific initiation function: a 168
amino acid region of the C-terminal rod, and a 490 residue region of the N-terminal rod.
We are testing whether these sites are involved in isoform specific interactions with
paramyosin. Interestingly, the 3 putative phosphorylation sites at the very C-terminus of
MHC A can be deleted without affecting this initiation function. However this myosin,
which lacks the last 8 residues of the rod as well as the entire nonhelical tailpiece, causes
dominant, variable disruption of sarcomere structure in transformed animals. A myosin
construct that restores the C-terminal rod including one putative phosphorylation site, but
deletes the entire nonhelical tailpiece starting at the proline, produces good sarcomere
structure in transformed animals, although accumulations of birefringent material are
seen at the ends of muscle cells. We are currently characterizing the muscle structure
more carefully, and testing whether point mutations in the putative phosphorylation sites
will mimic the in vivo phenotypes of the deletion constructs.
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Mutant Essential Light Chains and Their Effects on Ca2+ Binding by
ScallUp Myosin. S. Fromheiz and A.G. Szent-Gyorgyi, Brandeis Univ.,
Dept. of Biology, Waltham, MA 02254. (Spon. by C. Fulton).
We are determining the sequences required to form the high
affinity, Ca +-specific binding site unique to molluscan myosins. The
essential light chain (ELC) of molluscan myosins is thou2ght to harbor the
amino acid residues responsible for coordinating the Ca + ion. Position
-X in the EF hand loop of ELC domain Ill has been predicted to be the
critical difference between molluscan and nonmolluscan ELCs (Collins,
J.H. et al. Biochem. 25:7651-7656, 1986). In molluscan ELCs the residue
at this position is serine whereas in nonmolluscan ELCs it is methionine or
leucine. We have overexpressed the scallop ELC in E. coli and have
purified the expressed protein. Scallop regulatory domain (RD)
reconstituted with expressed ELC, native regulatory light chain and native
heavy chain fragment binds Ca2+ in a manner similar to native regulatory
domain. A point mutant in scallop ELC DIE position -X from serine to
methionine does not alter the Cah+ binding properties of the reconstituted
RD. A point mutation in the critical position +X of EF hand Ca2+
binding proteins from aspartic acid to alanine also does not alter the Ca2+
binding properties of the reconstituted RD. Therefore, it is likely that
multiple regions of the RD may be required to complete the Ca2+ binding
site. We are currently making point mutations of other EF hand loop
amino acids in the scallop ELC. We are also making chimeric constructs
between scallop ELC and rat ventricular ELC to determine which
domain(s) are responsible for Ca2+-binding by scallop myosin.
267
Isolation of a Comnplementary DNA Encoding an Unconventional
Myosin from Arabidopsis thaliana. M.D. Kinkema and J.W.
Schiefelbein, Department of Biology, University of Michigan,
Ann Arbor, MI 48109.
Myosin is believed to be the molecular motor responsible
for actin-based motility in plant cells. In an effort to
characterize plant myosin, a complementary DNA encoding a
myosin heavy chain was isolated from Arabidopsis thaliana.
The predicted product is a member of a family of unconven-
tional myosins that possess characteristics of both myosin I
and myosin II polypeptides and appear to play a role in
vesicle trafficking. The gene (MYA1) is expressed in all
tissues examined and may therefore be involved in a general
plant cell process. Based on reduced stringency Southern
hybridization analysis, it appears that the Arabidopsis
genome may contain eight or more myosin-like genes. This
marks the first description of a plant myosin sequence and
the results indicate that members of this myosin family may
be present in all eukaryotic organisms.
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